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[00011 The invention relates to the field of tecombinant DNA technology, more in particularto the fieW ol gene therapy, 
in particuiar the invention lelates to gene therapy using materials (Jerlved from adenoviws. in particular human recom- 
s binant adenovirus, it especially relates to novel virus derived vectors and novel packaging ceM fines for ve«ors «»ased 
on adenoviruses. . , ^ j ^ - 

[00021 Gene therapy is a recent^ developed concept for which a wkSe range of applications can be and have been 

(OOKfl^ln gene therapy a molecule canying genetic infonnation Is introduced into some or an cells of a host, as a 
10 result of virtiich the genetic InfomwUon is added to the host In a functional fonnat. 

[00041 The geneuc infomation added may be a gene or a derivathre of a gene, such as a cOI^. whwh encodes a 

protein. In this case the functional fomiat means that the protein can be expressed by the machinery of the host ce^l. 

[00051 The genetic information can also be a sequence of nucleotides complerrwntaiy to a sequence ol ntoleotides 
be it ONA or RNA) present in the host celt The functional formal in this case is that the added DNA (nudetc acW) 
»5 molecule or copies made thereof insinj are capable of base pairing with the complementary sequence present .n the 

" AppfcaOons include the treatment of geneuc disorders by supplementing a protein or other substanM which 
is through said genetic disorder, not present or at least present in Insufficient amounts in the host, the treatment ol 
ti^rs and (other) acquired diseases such as (auto)immune diseases or infections, etc. 
» rocOTl AS may be etearfrom the above, there are basically three different approaches in gene therapy, one dlrerteo 
owaris compensating a deficiency present in a (mammalian) host; the second directed towards the remova^ or^m- 
.nation of unwanted substances (organisms or cells) and the third towanls application of a recombinant vacane (tumors 

roooS'^'Fril!^ pXotrS'gene therapy, adenoviruses cartying deletions have been proposed as suitable.vehides. 
« Adenoviruses are non-envelopad DNA viruses. Gene-transfer vectors derivedfrom adenoviruses (so^alled adwovlr^ 
vectors) have a number of features that maice them paiticularty useful for gene transfer for such P"1»«» JSjJ** 
biology of me adenoviruses is characterized In detail, the adenovinjs is not assoc>at«l w*h severe human P^'^- 
the Wus is extremely efficient In introducing its DNA into the host cell, the virus can ""feet aw.de varie^ of cerfte and 
has a broad host-range, the vims can be produced In large quantWas whh relative ease, and ihe vims can be rendered 
39 replication defective by deletions in the earty-rsgion 1 (S) of the viral genome. 

(00091 The adenovirus genome is a linear double-stranded DNA molecule of approximately 36°™ ""^Pf^*^ 
he K-kDa terminal prot*" covalently bound to the Stem^nus of each strand. The Ad DNA ~"«*«« f '^"^ 
Tem.inal Repeats (ITR) of about 100 base pair* with the exact length depending on the ^'""ype. Jhe v^ or^ns o' 
replication a« located within the ITRs exactly at the genome ends. DNA synthesa occurs m ^-^^f 9«- 
Wilton proceeds by strand displacement, generating a daughter duplex molecule and a paremal dfl«f«ed fana 
^XlaL strand I single stranded and can lom. a so-called "panhandle" intemiediate. whteh ^^^'^^^^ 
initiauon and generation of a daughter duplex molecule. Alternatively, replicatton may proceed '"'".''f' J^f "J*^ 
genome simuLneously. obviating the requirement to fom, the panhandle structure. The .ept«at.on .s summanzed m 
Figure 14 adapted from {techner and Kely. 1977). a. is 

roolOl During the pro*«Uve inlecfion cyde. the viral genes are expressed in two phases: the ""^P^f *• J^"* f 
t^he iriodu Jo Z DNA replication, and'the late phase, which coincides with the inKiatlon of viral DNA rep^katton^ 
Duri^ the early phase onlylhTLly gene products, encoded by regions El. E2. E3 and E4 are e'P'«««* 
c^ out a number of functions that prepare the cell for synthesis of viral stoKtural proteins (Be*. 1 98^ Oujng the 
latephase the late viral gene products are expressed in addiUon to the early gene P'o;^J^^J^'^'^^^ 
protein synthesis are shut off. Consequently, the cell becomes dedicated to the product«n ol «ral ONA and of viral 

[^""du^Toi ^'rlivln^s is the first region of adenovm« expressed after infeCon of the target <«rTh^ 
region consists of ^o Uanscriptional units, the EIA and E1B genes, which both are required for oncogene transfor- 
maOon of primary (embryonaO rodent cultures. The main hinctions of the ElA gene products are: 

i) to induce quiescent cells to enter the ceH cyde and resume cellular ONA synthesis and 
StotranscnptionalV activate theEIBgene and the omereariyregions(E2.E3.E4).T«nslectio^ 
with the El A gene ione can induce unlimited prol«en«ion (Immortalliation), but does not resutt «. ««7'^"»^; 
fom.atiofl. However, expression of ElA in most cases results in induction of programmed ceH f (^W^^ 
and only occasionaly immortaHzation is obtained (Jodiemsen et al., 1987). Co-expression of the gene e 
required to prevent induction of apoptosis and for complete morphological transfomiation to 
immortalcellBnes.highlevelexpressionofEIAcan cause complete translomiation in th 

etal.. 1985). 
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[0012] The E1B encoded proteins assist ElA in redirecting the cetlutar functions to aSow viral r^lication. The El B 
55 kD and E4 33kO proteins, which fonm a complex that is essentially locaiized in the nudeus, function in inhibiting 
the synthesis of host proteins and in facilitating the expression of viral genes. Their main Influence is to establish 
selective transport of viral mRMAs from the nucleus to the cytoplasm, concom^antly with the onset of the late phase 
of infection. The El 8 21 kO protein is important for correct tar^rat control of the productive infection cycle, thereby 
preventing premature death of the host cell before the vims life cycle has been completed. Mutant viruses incapable 
of expressing the E18 21 kO gene-product exhibit a shortened infection cyde that is accompanied by excessive deg- 
radation of host cell chromosomal ONA (dep-phenotype) and in an enhanced cytopathic effect (cyf-phenotype) (Telling 
et al.. 1994). The deg and cyf phenotypes are suppressed when in addiUon the El A gene is mutated, indicting that 
these phenotypes are a function of El A (White et at., 1988), Furthennore, the £1 B 21 kOa protein slows down the rate 
by which £1 A switches on the other viral genes. It v& not yet known through which mechanisms El B 21 kD quendies 
these E1A dependent functions. 

[CK)13} Vectors derived from human adenoviruses, in whk:h at least the £l region has been deleted and replaced by 
a gene of interest, have been used extensively for gene therapy experiments in the pre*clinical and clinical phase. 
[0014] As stated before all adenovirus vectors cunrenily used in gene therapy have a deletion in the El region, where 
novel genetic tnfomiatlon can be introduced. The El deletion renders the recombinant vims replication defective (Strat- 
ford'iPerricaudet and Perricaudet 1 991). We have dernoristrated thai rencombinant adenoviruises are able to effidently 
transfer recombinant genes to the rat liver and ainway epithelium of rhesus monkeys (Bout et al., 1994b; Bout et al.« 
1994a). In addition, we (Vincent et at. 199Sa; Vincent et al., 1996b) and others (see e.g. Haddada et al.. 1993) have 
observed a very efficient In vh/o adenoviais mediated gene transfer to a variety of tumor cells In vitro and to soPd tumors 
in animal models (lung tuntors. glioma) and human xenografts in Immunodeftcient mice (lung) in vh/o (reviewed by 
Blaese et al., 1995). 

[001 5] I n contrast to for Instance retroviruses, adenoviruses a) do not integrate into the host cell genome: b) are able 
to infect non-dividing cells and c) are able to efficiently transfer recombinant genes in wvo (Brody and Crystal, 1994). 
Those fes^res make adenoviruses attractive candidates for at vrvo gene tmnaier of. for if\stance» suicide or cytokine 
genes Into tumor ceSs. 

(001 6] However, a problem associated with current recombinant adenovirus technology is the possibility of unwanted 
generaUon of replication competent adenovirus (RCA) during the production of recombinant adenovirus (LochmQIler 
et al.. 1994; Imter et ai., 1996). This Is caused by homologous recombination between overlapping sequences from 
the recombinant vector and the adenovirus constructs present in the complementing cell line, such as the 293 cells 
(Graham et al., 1977). RCA in batches to be used in conical trials is unwanted because RCA i) will repficate in an 
uncontrolled fashion; H) can complement replication defective recombinant adenovirus » causing uncontrolled muttipli* 
cation of the recombinant adenovirus and 81) batches containing RCA induce significant tissue damage and hence 
strong pathological side effects (Lochnrtutler et al.. 1994). Therefore, batches to be used In dinical trials should be 
proven free of RCA (Ostrove, 1994). In one aspect of the invention this probl^ in virus production is solved in that 
we have devek>ped packaging cells that have no overlapping sequences with a new basic vector and thus are suited 
for safe large scale production of recombinant adenoviruses one of the additional problems associated with the i^e 
of recombinant adenovirus vectors is the host-defence reaction against treatment with adenovirus. 
[0017] Briefly, recombinant adenoviruses are deleted for the El region (see above). The adenovirus El produ^ 
tr^ger the transcription of the other early genes (E2, E3. £4), which consequently activate expression of the late virus 
genes. Therefore, it was generally thought that El deleted vectors would not express any other adenovirus genes. 
However, recently it has been demonstrated that some ceH types are able to express adenovirus genes In the at>sertce 
of E1 sequertces. This Indicates, that some cell types possess the machinery to drh^ transcription of adenovirus genes. 
In particular, it was demonstrated that such cells synthesize E2A and late adenovirus proteins. 
[0018] In a gene therapy setting, this means tiiat transfer of the therapeutk: recombinant gene to somatic cells rtot 
only results in expression of the therapeutic protein but may also result in the synthesis of viral proteins. Cells that 
express adenoviral proteins are recognized and killed by Cytotoxk; T Lymphocytes, which thus a) eradicates the trans- 
duced cells and b) causes inflammations (Bout et al.. 1994a; Engelhardtetal.. 19d3;Sffnonetal.. 1993).As this adverse 
reaction is han^ring gene therapy, several solutions to this problem have been suggested, such as a) using irrmru- 
nosuppressive agents after treatment; b) retainment of the adenovirus E3 region in the recombinant vector (see patent 
application EP 0 707 071 ) and c) using ts mutants of human adenovirus, which have a point mutatk>n in the E2A region 
(patent WO 94/26938). 

[0019] {However, these strategies to circumvent the immune response have their limitations. 

[0020] The use of ts mutant recombinant adenovirus diminishes the immune response to some extent, but was less 

effective in preventing pathological responses in the lungs (Engelhardt et aL, 1994a). 

[0021] The E2A protein may induce an immune response by itself and it plays a pivotal role in the switch to the 
synthesis of late adenovirus proteins. Therefore. It is attractive to make recombtrtant adenoviruses which are mutated 
in the E2 region, rendering it temperature sensitive (ts). as has been claimed in patent applk:ation WO 94/23938. 
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[00221 A major drawback of this system is the fact that, although me E2 protem s ^ «^ 

emperature.Seinvnunogenic protein ttstill being synthesized. In addition, it is to be expected that the u«^e prote^ 
^Tactivat; late gene expression, albeitto a low extent ts125 mutant recombinant ^^'^r^'^^^^J^^ 
and prolonged re<Lb.nant gene expression was reported (Yang et al., 1 994b; « ^"^^ 

s et at. 1 994b: Yang et al. , 1995). However, pathology in the lungs of cotton rats was sliJI high (Engelhar* « 

indicating that the use of ts mutants results in only a partial improvement in recombinant adenovirus technology. Others 
FaSTa^TsejdW not observe prolonged gene expression in m^ 

Xn^lditienkl difHculty associated with the use of tsl 25 mutant adenoviruses is that a high frequenq, <rf -evej^on « 
obsenred These revertants are either realrevertantsortheresulto(secondsitemuta««ns(Knjqeretal.1983,N^ 
« et ai 1981) Both types of revertants have an E2A protein that n/ncBons at nomial temperature and have therefore 

[S'SomerasT^rhrn-ntinv^^^^ 

^.ivlrus genome and transfect these E2A se<,uences into the (pacKaglng) cell lines containing El sequences to 
complement recombinant adenovirus vectors. K.-.-.>i.=.«HMfha»P9AnfotPin 
,i [0024] Major hurdles in this approach are a) that E2A should be expressed to very high levels and b) that E2A proiem 

[mS! ''^^"c^nt invention in yet another aspect therefore d«cteses use of the ^^'^^ mutant ^ gene.^^^ 
Educes a protein that is not able to bind ONA se<,uences at the non pem,issive temperature. Hflh levels o thl^P^^em 
Lybemalntained in thecelts{because it is not toxc at this temperature) until the switch to the pe^ 
» te^de TOs«n be combined with placing the mutant E2A gene under the direction of an mduable P^^'^J'^^ 
SsTTlnstaL tet methaltothioneln. steroid inducible promoter, retinoic acid p-receptor or other ,ndu«ble sj«tems. 
HoL^t S^t2i.SJ^r a8pect Of the invention, the u 

S5j*^^SieTa?rnriantagesofE2A^e,edr 
« bThlrologoussequencesandthepemwientsetectionforcetethatexpressthemt^ante^^^ 

relates to the high frequency of reversion of t8l2S mutation: when reveislon occurs In a cell line hartwring ts12S EJA. 

be l^hS to U?e ceU Therefore, there is a pem«nenl selection for those ceOs that express the 18125 mutan 
E^TJ,WirI^naLon.« we in one aspect ^ 

not have the problem of reveraion in our adenoviruses. „ , «^ 

30 iSaU in yet another aspect of the invention as a further improvement the use of non-human cll lines as pacKagtng 

[0Mr?«Srp«duction of cfintoal batches of recombinant virusestt^ 

us^ Widely for production of other biotechnology producU. Most ol the latter cell lines are from "^'"'^y »"9'"- *^ 
haSS2efult^roducee.g.vaccine..Theseceltecannotbeuseddirect.yfort^^ 
35 adenovir^is as human adenovirus can not or only to low levels replicate in cells of monkey origin. A ''^ck " «he «vltah 
J^^t^a^phase Of adenovln.s lytic cyde is underlying defective replication. Ho^^^^ 

humi? LdenoLs genome are described {hr400 - 404) which allow replication of ''"'^ T'S hJ^ 
These mutafions reside in the gene encoding E2A protein (Klessig and GrodJWker, 1979; Kiesag 1f84 "ice 
U^^i Wiessig et J! 1 984). I^oiover. mutant viruses have been described that harbor both the hr and 
40 temperature^ensitive ts125 phenotype (Brough et al.. 1985; "'=«.««','«*»^-Jf^^' . ^or 
[OOMJ We IhereJore generate packaging cell lines of monkey ongin (e.g. VERO. CV1) that harbor 

a. SI sequences, to allow replkatiori of £1/52 defective adenovinises. and 

b E2A^uence8, containing the hr mutation and the ts 12S mutatwn. named ts400 (Brough et al.. 1985, Rice 
45 and Klessig 1985) to prevent cell death by E2Aoverexpresston, and/or 

reSSencss just containing the hr mutaUon, under the control of an inducible promoter, antfor 

d. ^ t2u^«s,^ntaining .he hr mutation and the ts 1 25 mutation (ts400). under the control of an mduable 

promoter 

» [0030] Furthemiore we disclose the construction of novel and impmved combinations of (novel and improved) pack- 
aging ceO lines and (novel and improved) recombinant adenovirus vectors. We provide: 

1 a novel packaging cell line derived from diploid human embryonic retinoblasts (HER) that harbors « ' 57M 
Of fhe A^ gem«;e.^is ceil line. «arr,ed 911. deposited under no 93082101 at the ECACC. has many character- 

ij istics that make it superior to the commonly used 293 cells (Fallaux et al.. 1 996). 

2 novel packaging cell lines that express just E1A genes and not E1B genes. »„...pia 
i8SStoes(andno, human diploid cells of which 293 and911 cells are dem,*^^ 

"high levels without undergoing apoptotfccetl death, as occurs in human dv>lo«l cells that express El A in the 
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absence of E1B. 

Such cell tines are able to trans*connpiement £16<defective recombinant adenoviruses, because viruses mutated 
for El B 21 kO protein are able to complete viral replication even faster than wild-type adenovimses (TeDing et al., 
1994). The constructs are described in detail below, and graphically represented in Figures 1-5. The constructs 
are transfected into the different established cell lines and are selected for high expression of El A, This is done 
by oporativery linking a selectable marker gene (e.g. HBO gerw) directly to the El B pronnoter. The EtB promoter 
is transcriptionally activated by the El A gene product and therefore resistance to the selecUve agent (e.g. G418 
in the cs&e NEO is used as the selection marker) results in direct selection for desired expression of the £l A gene 
3 Packaging constructs that are mutated or deleted for El 6 21 kD. but just express the 56 kO protein. 
4. Packaging constructs to be used for generation of conrylementing packaging cell lines from d^loid cells (not 
exclusively of human origin) without the need of selection with n;tarker genes. These cells are ^mortalized by 
expression of £l A. However, in this particular case expression of El B is essential to prevent apoptosis induced 
by El A proteins. 

Selection of El expressing cells is achieved by selection for focus formation (inrwnortaJization), as descnbed for 
293 cells (Graham et al., 1977) and 911 celts (Fallaux et ai. 1996). that are El -transfonmed human embryonk: 
kidney (HEK) cells and human enrtbryonic rettnoblasts (HER). respecdveV- 

5> Met transfecdon of HER ceBs with construct plG.SiA.E (Fig. 4). seven independent cell lines could be estab* 
fehed. These cell lines were designated PER.Cl, PER.C3, PER.C4. PERCS, PERCB. PER.C8 and PER-C9. 
PER denotes PGK-EI-Ratinoblasts. These cell lines express El A and E1B proteins, are stable (e.g. PER.CS for 
more than 57 passages) and complement El defective adenovirus vectors. Yields of recorr^inant adenovirus 
obtained on PER celts are a fittfe higher than obtained on 293 celts. One of these cell lines (PEn.C6) has been 
deposited at the ECACC under number 96022940. 

6. New adenovirus vectors with extended El deletions (deletion nt. 459 - 3510). Those viral vectors lack sequences 
homologous to El sequences in said packaging cell fines. These adenoviral vectors contain pIX promoter se- 
quences and the pIX gene, as pIX (from its natural promoter sequences) can only be expressed from the vector 
and not by packaging cells (Matsul et al . 1986. Hoeben and Fallaux. pers.conrvn.; Imler et al.. 1996). 

7. E2A expressing packaging cell lines preferably based on either Ei A expressing established cell lines or El A + 
El B expressing diploid ceils (see under 2 - 4). E2A expression is either under the control of an inducible pronwter 
or the E2A tsl 25 mutant is driven by either an indudble or a constitutive promoter. 

8. Recombinant adenovirus vectors as descr&ed before (see 6) but earring an additional deletion of E2A se* 
quences. 

9. Adenovirus packaging cells from monkey origh that are able to trans-complenr^nt El -defective recombinant 
adenoviruses. They are preferably co-transfected with pIG.EI AE1B and plG.NEO. and selected for NEO resist* 
ance. Such cells expressing El A and £18 are able to transcomplement El defective recorribinant human aden- 
oviruses, but will do so ineflic^ntty because of a block of the synthesis of fate adenovirus proteins in cells of monkey 
origin (Klessig and Grodzicker 1979). To overcome this problem, we generate recombinant adenoviruses that 
harbor a host-range mutation in the E2A gene, allowing human adeno>flfuses to replicate in monkey cells. Such 
viruses are generated as described in Rgure 12,-except ONA from a hr-mutant ts used for homologous recombi- 
nation. 

10. Actenovirus packaging cells from monkey origin as described under 9. except that they will afso be co-trans- 
fected with E2A sequences harboring the hr mutation. This allows replication of human adenovin^es lacking £l 
and E2A (see under 8). E2A in these celt lines Is etther under the control of an inducible promoter or the ts£2A 
mutant is used. In the latter case, the E2A gene will thus carry both the ts mutation and the hr mutation (derived 
from ts400). ReplEcatton competent human adenoviruses have been described that harbor both mutatksns (Brough 
et al., 1985: Rice and Klessig. 1985). 

[0031] A further aspect of the invention provides otherwise improved adenovirus vectors, as well as novel strategies 
for generation and application of such vectors and a method for the intracellular amptificdtion of linear DNA fragments 
In mammalian cells. 

£0032] The so-calJed •minimar adenovirus vectors according to the present invention retain at least a portion of the 
viral genorrie that is required for encapsidation of the genome into virus particles (the encapsidation signal), as well 
as at least one copy of at least a functional part or a lierrvBSh/e of the Inverted Terminal R^eat (ITR), that is DNA 
sequences derived from the termini of the Bnear adenovirus genome. The vectors according to the present invention 
will also contain a iransgene linked to a promoter sequence to govern expression of the transgene. Packaging of the 
so-called minimal adenovims vector can be achieved by co-infection with a helper virus or, alternatively, with a pack- 
aging deffcient replicating helper system as descnbed below. 

[0033] Adenovirus-dertved ONA fragments that can replicate in suitable cell lines and that may sen/e as a packaging 
deficient replicating helper system are generated as follows. These DNA fragments retain at least a portion of the 
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transcribed region of the late* transcription unit of the adenovirus genome and cany deletions in at least a portion of 
the El region and deletions in at least a portion of tha encapsidation signal. In addition, these DMA fragments contein 
al least one copy of an inverrsd tonninal repeat (ITR). At one terminus of the transfected ONA molecule an ITB is 
located The other end may contain an ITR. or altemathrely. a ONA sequence that is complementary to a portion of the 

5 same strand of the ONA molecule other than the ITR. It. In the latter case, the Mw complementary sequences anneal, 
the free 3'*ydroxyl group of the 3' terminal ntJdeotlde of the hairpin-stiucture can serve as a primer for DNAsynthesa 
by celhilar and/or adenovims^coded ONA polymerases, remitting In conversion Into a double-stranded forrn of^ 
least a portion of the ONA molecule. Further replication initiating at the ITR will result in a linear double-sfranded ONA 
molecule, that Is flanked by two tTfl's, and is larger than the original transfected DNA molecule 13)- 

.9 molecule can replicate Itself In the transfected cell by virtue of the adenovinis proteins encoded by the DNA molecule 
and the adenoviral and cellulaf proteins encoded by genes in the host-cell genome. This ONA molecule can not be 
encapsidated due to its large sire (greater than 39000 base pairs) or due to the absence of a functional encapsidation 
Signal. This ONA molecule is intended to sen/e as a helper for the production of dafsctive adenovirus vectors in suitable 

ts SoMr'TheinventionalsocomprisesarnethodfortheamplificationoflinearDNAta 

mammalian cells. These ONA fragments contain at least oneoopy of the ITR at one of the termini of ttie fragment The 
other end may contain an rm. or altematively. a DNA sequenee that Is complementary 16 a portion oS the same strand 
of a» DNA molecule other than the ITR. It. in the latter case, the two complementary sequences anneal, the free 3 - 
hydroxyl group of the 3' temiinal nucleotide of the hairpin-stnicture can senre as a primer tor DNA synthes« "y ceflular 

» and/or adenovirusHjncoded ONA polymerases, resulting In conversion of the display stend Into a double stranded 
fomi of at least a portion of the ONA molecule. Further replication iniUating at the ITR wiH resuH * ''"•a^ 
stranded ONA molecule, that is flanked by two fTR's, which is larger ttian the original transfected ONA molecule. A 
ONArrwIeculemat contains rrR sequences at bom endsean replicate itself in transfectedcells by virtue of the 
of at least the adenovirus E2 proteins (viz. the ONA-binding protein (DBF), the adenovirus DNA potymerase (Ad-pol . 

2S and the pretemiinal protein (pTP). The required proteins may be expressed from adenovin« gen« on «»« ONAmo'" 
ecule Itself, from adenovinis 62 genes integrated In the hoswell genome, or from a replteaiing helper fragment as 

si^ml gro"f» have shown that the presence of ITR sequences at the end of DNA molewles are sufficient 
o gerlerate aden«lnis minichromosomes that can replicate, if the adenovinis^m^ein. required «»P '«f 

30 pr<^ided in trans e.g. by infection with a helpenrirus (Hu et aL. 1 992): (Wang and Pearson. 

H-j et al (1 992) obsewed the presence and replication of synwnetfical adenovirus rmnichromosomeKJimere a«er trans- 
tection of plasmids containing a single ITR. The authors were able to demonstrate that these dimeric '"^^^^'^^^ 
arise after tail-toHafl ligation of the single (TR ONA molecules. In ONA extracted from defect«re ^l'^^™* ^« f 
pan-des, dimeric mollies of various sizes have also been obsen«d using ^^f^^'^^^^^f!^";^;^ 

35 was suggested that the incomplete genomes were f omt«d by.illegitimate recombmation between dilterent 
• and th^ variations in the position of the sequence at which the illegitimate base pairing occurred 

the heterogeneous nature of the incomplete genomes. Based on this mechanism it was 'P*"'*^^'^- '"J^J' 
defective molecules with a total ler^gth of up to ^w times the nomial genome eouW be ^^^^^^"l^^' 
could contain duplicated sequences trem either end of the genome. However, no ONA molecules l«ger than ttie tulk 

« .ei>vlruswerefoundpackagedinthedefectivepartides(Oaniell.1976).Th^^ 

th« apply to the packaging. In addition, it was observed that in the virus particles DNA^tecules ^<^l^f^^ 
S3?redominated<Lr mose containing the rioht-emJtem,i«us(Oanie«^ 

ence of the encapsidation signal near that left-end of the genome (Grable and Hearing. 1990: GrSble and Heanng. 
1 992; Hearing etal.. 1987). . . . ^ »„ 

«5 [0036] The major problems associated with the current adenovinjs-denved vectors are. 

A) The strong immunogentotty of the virus partfcle --.««,«^T-~ii,^n«n8a 

B) The expre^ion of adenovinis genes that reside in the adenoviral vectoni. resuRIng In aCytotoxK:T-^^^ 

SSJlJ^'^nt^weloiogous sequences that can be accommodated in the current vectors (Up to maximally 
approx. 8000 bp. of heterologous ONA). 

[00371 Ad A) The strong immunogenicity of the adenovirvs partfcle results in an Immunologfcal '^onse of thehost. 
iven^er a sLgle administration of the adenoviral vector. As a result of me development of neutraliang antibo^es 
asubsequemaLinistratton of the virus wai be .ess effective or even completely ineffective.^ 
persistent expression of the transferred genes will reduce the number of administrations requ^d and may bypass the 

[OSS'"" Ad 8) Experirrwnts performed by Wilson and collaborators have demonstrated that afteradenovirus-mediated 
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gene transfer into immunocompetent ananals, the expression of the transgene graduaBy decreases and disappears 
approKimateV 2 - 4 weeks post-infection (Yang et al.. ig94a; Yang et al,. 1994b). This is caused by the development 
of a Cytotoxic T-Celt (CTL) response against the transduced cells. The CTLs were directed against adenovirus proteins 
expressed by the viral vectors. In the transduced cells synthesis of the adenovirus ONA-bindtng protein (the E2A-9ene 

5 product), penton and fiber proteins (iate^ene products) could be established. These adenovirus proteins, encoded by 
the viral vector, were expressed despite deletion of the El region. This demonstrates that deletion of the El region is 
not suffictem to completely prevent expression of the viral genes (Engelhardt et al,« 1 994d). 
[0039] Ad C) Studies by Graham and collaborators have demonstrated that adenovimses are capable of encapsi- 
dating DNA of up to 105% of the normal genome size (Bett et al., 1993). Larger genonnes tend to be instatMe r^ulting 

^0 in toss of DNA sequeiK^es during propagation of the virus. Conribining deletions In me El and E3 regions of the virual 
genomes increases the maximmum size of the foreign that can be encapsldated to approx. 8.3 tcb. In addition, some 
sequences of the E4 region appear to be c^spensabfe for virus growth (adding another 1 .8 kb to the maximum encap- 
sidation capacity). Also the E2A region can be deleted from the vector, when the E2A gene product Is provided in trans 
in the encapsidation cefl line, adding another 1 .6 kb. It is, however, unlikely that the maximum capacity of foreign ONA 

<5 can be significantly increased further than 12 kb. 

[0040] We developed a new strategy for the generation and produt^ion of heipeifree-stocks of recombinant adeno- 
virus vectors that can mxomodate up to ^ kb of foreign ONA. Only two functbhat ITR sequences, and sequences 
that can function as an encapsidation signal need to be pan of the vector genome. Such vectors are called minimal 
adenovectors. The helper functions for the mtnimal adenovectors are provided in trans by encapsidation defective- 

^ replication competent ONA molecules that contain an the viral genes encoding the required gene products, with the 
exception of those genes that are present in the host-cell genome, or genes that reside in the vector genome. 
(0041 ] The applications of the disclosed inventions are outlined below and will be laustrated in the experimental part 
which is only intended for said purpose, and should not be used to reduce the scope of the present invention as 
understood by the person skilled in the art 

25 

Use of the IG packaging constructs Diploid celts. 

[0042] The constructs, in particular pIG.EI A.E1B. will be used to transfect d^tofd human cells, such as Human 
Embryonic R^inoblasts (HER), Human Errtsryonic Kidney ceils (HEK). and Hurrmn Ennbryonic Lung cells (HEL). Trans- 
30 fected ceQs will be selected for transformed phenotype (focus fo/mation) and tested for their ability to support propa- 
gation of El-deleted recombinant adenovirus, such as IG.Ad.MLPI.TK. Such cell lines will be used for the generation 
and (large-scale) production of El-deleted recombinant adenoviruses. Such ceHs. infected with recon^inant adeno- 
virus are also intended to be used in vivo as a local producer of reconnbinant adenovirus, e.g. for the treatment of solid 
tumors. 

3s [0043] 911 cells are used for thoititratran, generation and production of recombinant adenovirus vectors (Faltaux et 
a!.. 1996). 

[0044] HER cells transfected with plG.ElA.ElB has resulted in 7 independent ctones (caDed PER cells). These 
dones are used for the production of El deleted (Including nonoveriapping adenovirus vectors) or El defective recom- 
binant adenovirus vectors and provide the basis for introduction of e.g. E2B or E2A constn/cts (e.g. ts125£2A. see 
40 below). E4 etc., that will allow propagation of adenovirus vectors that have mutations in e.g. E2A or £4. 

[0045] In addition, diploid cells of other species that are permissive for hunnan adenovirus, such as the cotton rat 
(Sigmodon hispi<fu$) (Pacini et al., 1984), Syrian hamster (Morin et al„ 1987) or chin^anzee (Levrero et al.« 1991). 
will be immortalized with these constructs. Such cells, infected with recombinant adenovirus, are also intended to be 
used h vivo for the local production of recombinant aderwvlrus, e.g. for the treatment of solid tumors. 

45 

Established cells. 

[004e] The constructs, in partknilar plG.E1A.NE0, can be used to transfect established cells, e.g. A549 (human 
bron^ial carcinoma), KB (oral carcinoma). MRC-5 (human diploid lung cell line) or GLC cell tines (small cell lung 

90 cancer) (de Leij et al.. 1935; Postmus et al., 1988) and selected for NEC resistance. Individual colonies of resistant 
cells are isolated and tested for their capacity to support propagation of El-deleted recombinant adenovirus, such as 
IG.Ad.MLPI.TK. When propagation of £1 deleted viruses on El A containing cells is possible, such celts can be used 
for the generation and production of El-deleted recombinant adenovirus. They are also be used for the propagation of 
E 1 A deieted/E 1 8 retained recombinant a<ienovinjs. 

55 [0047] Established cells can also be co*transfected with ptG.E1A.El6 and pIG.NEO (or another NEO containing 
expression vector). Clones resistant to (^41 8 are tested for their ability to support propagation of El deleted recombinant 
adenovirus, such as IG.Ad.MLPl.lK and used for the generation and production of El deleted reconnbinant adenovirus 
and will be applied in vivo for local production of recombinant virus, as descried for the d^loid cells (see above). 
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[00481 All cell laws, including transJornied diploid cell lines or NEO-resistant established lines, can be used m me 
basis for the generation of 'next generation' packaging cell lines, that support propagation of El -defective recwnbinant 
adenoviruses, that also cairy deletions in other genes, such as E2A and E4. Moreover, they will provide the basis lor 
the generation ol minimal adenovirus vectors as disclosed herein. 

E2 expressing cell lines 

[00491 Packaging cells expressing E2A sequences are and will be used (or the generation and (large scale) produc- 
tion of E2A-deleted recomtnnant adenovirus. ■ , 
[00501 The newly generated human adenovinis padogingcel lines or ceil lines derived fnwri speaes P«niisswe (o 
Lai adenovSeaA or .S125E2A; El A . E2A: El A . E1B * E2/^^ei A . E2Ay«125: 1^^^ 
non-permissive cell lines such as monkey cells (hrSaA or hr * tsl2SE2A: ElA + hr£2A; E1A * E1B - h-'KA. E1A + 
hrE2AAsl25: El A ♦ 61 B + hrE2Arts1 25) are and will be used tor the generation and (terge scale) productton of E2A 
deleted recombinant adenovirus vectors. In addition, they win be appHed in vft« tor local production of recombinant 
virus, as described for the diptoid cells (see above). 

Novel isdenovirus vectors. 

[00511 The newly developed adenovirus vectors harbouring an El deletion of nt 459-351 0 wlH be used for gene 
Unsler purposes. These vectors are also the basis lor the development of turtherdeleted adenovmis vectors rtia^are 
muX» (ore.g. E2A. E2B or E4. Such vectors wtti be generated e.g. on the newly developed packaging cell Bnes 
described above (see 1-3). 

Minimal Mienovirus packaging system 

[00S2] We disclose adenoviais packaging construrts (to be used for the packaging of minimal adenovirus vectors) 
that may have the following characteristka: 

a. the packaging constnict replicates ,. ^ , ,^ 

30 b. the packaging constwct can not be packaged because the packaging signal B deleted 

c. the packaging construct contains an internal haiipinlomiing sequence (see section Expenmental: suggested 

Tb^li "e'Jme inlmal haiipln structure, the packaging consmKS is duplicated, that Is the DNAof the pacteging 
construct becomes twice as long as H was before transfeeiion into the packaging cell (in our sample it <luP»ca»« 

35 from 35 kb to 70 kb).T!.is duplication also prevents packaging. Note that this duplicated DNA molecule has rrffs. 
at both termini (see e.g. Fig. 13) . . r.w» 

e this duplicated packaging molecule is able to replicate Bka a 'normal adenovirus DNA molecule 
f. «ie duplication of the genome is a prerequisite for the production of sufficient levels of adenovirus pwteins. 
reaulred to package the minimal adenovi(\» vector ... .u».-^„ 

40 g. the packa^g construct has no overlapping sequences with the minimal vector or cellular sequences that may 
lead to generation of RCA by homologous recombinatten. 

r0O531 This packaging system wHI be used to proArce minimal adenovirus vectors. The advantages of^'^'^l^f 
SLvLlorTe^fo^gene therapy of vacdna.tonpurposes.arew 

« of aB potentially loxk: and immunogenic adenovBus genes). . . , ^ . ..-x^^natsn 

[0M4] Adenovinis vectors containing mutations m essential genes (including minimal adenovims vectors) can also 
be propagated using this system. 
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Use of Intracellular E2 expressing vectors. 

[OOSS] Minimal adenoviais vectors are generated using the helper functions provkled in trans by P^"9^^"' 
eptkiting helper molecules. The adenovlrus^ed ITR sequence, serve as or^""* of DNA 
e«e Of allea^ the ES-gene products. When the E2 gene products are expressed from Se^es «h« v^aor^me 
fNB the gene(s) must driven by an El -independent promoter), the vector genome can repficate .n the ta^«««- 
This will aflow a significantly increased number of template molecules m the target cells, and, as a resutt an '"c^w 
eir^irof the genes oMntarest encoded by the vector. This is of particular interest for approaches of gene therapy 



in cancer. 
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Applications of intracettutar amprificatlon of linear ONA fragments. 

[0056J A simitar approach could also be taken tf antfrfification of linear DMA fragments is desired, Om fragments of 
known or unknown sequence could be ampUfied in c^ts containing the E2-gene products if at teast one ITR sequence 
ts located nearer at its terminus. There are no apparent constraints on the size of the fragment. Hven fragments much 
larger than the adenovirus genome (38 kb) should be ampl^ied using this approach. It is thus possible to done large 
fragments in manrHnalian cette without either shuttling the fragment into bacteria (such as E.colI) or use the polymerase 
chain reaction (P.CR.). At the end stage of a productive adenoviois infection a single cell can contain over 100,000 
copies of the virat genome. In the optimal situation, the linear ONA fragments can be amplified to simitar levels. Thus, 
one should be able to extract more than 5 pg of DNA fragment per 1 0 million cells (for a 35-ktK> fragment) . This system 
can be used to express heterologous proteins (equivalent to the Simian Virus 40-based COS-cell system) for research 
or for therapeutic purposes. In addition, the system can be used to identify genes in large fragments of ONA. f^andom 
ONA fragments may be anrpfified (after addition of rTRs) and expressed durmg intracellular amplification. Election or, 
selection of those ceils with the desired phenotype can be used to enrich the fragment of interest and to tsotate the gene. 

EXPERIMENTAL 

Generation of cell lines able to trans complement El defective recombinant adenovirus vectors. 

. 1. 911 ceniine 

[0057] We have generated a cell line that harbors El sequences of adenovirus type 5, able to trans-complement El 
deleted recombinant adenovirus (Fallaux et al., 1996). 

[0058] This celt tine was obtained by transfection of human diploW human embryonic retin<rt>lasts (HER) with 
pAcseXholC, that contains nt. 80 - 5788 of Ad5, one of the resulting transfonnants was designated 911. This cell line 
has been shown to be very useful in the propagation of El defective recombinant adenovirus. It was found to be 
superior to the 293 cells. Unlike 293 ceUs, 911 celts lack a fully transformed phenotype. which most likely is the cause 
of performirtg better as adenovirus packaging line: 

plaque assays can be performed faster (4 • S days instead of 8-14 days on 293) 
monolayers of 91 3 cells survive better under aga*- overlay as required for plaque assays 
higher amplification of £1 -deleted vectors 

(0059] In addition, unlike 293 cells that were transfected with sheared adenoviral ONA, 911 cells were transfected 
using a defined construct Transfection efficiencies of 911 celts are comparable to those of , 293. 

New packaging constructs. 

Source of adenovirus sequences. 

[0060] Adenovirus sequences are derived either from pAdS.SalB. containing nt. 80 - 9460 of human adenovirus 
type 5 (Bernards et al., 1983) or from wild-type Ad5 ONA. 

[0061] pAd5.SatB was digested with Salt and Xhot and the large fragment was reKgated and this new done was 
named pAdS.X/S. 

[0062] The pTN constnjct (constructed by Dr. R. Vogets, tntrcGene, The Netherlands) was used as a source for the 
human PGK promoter and the NEO gene. 

Human PGK promoter and NEO'* gene. 

[0063] Transcription of El A sequences in the new packaging constructs ts driven by the human PGK promoter 
(Mfchetson et aL, 1983; Singer-Sam et at., 1984). derived from plasmid pTN (gift of a Vogets). which uses pUC119 
(Vieira and Messing. 1 987) as a backbone. This plasmid was also used as asoun:e for NEO gene fused to the Hepatitis 
B Virus (HBV) poiy-adenyfation signal. 

Fusion of PGK promoter to £1 genes (Pig. 1) 

[0064] In order to replace the El sequences of AdS (ITR, origin of replication and packaging signal) by heterologous 
sequences we have amplified El sequences (nt.459 to nt. 960) of AdS by PGR. using primers Eal and Ea2 (see Table 
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I). The resulting PGR product was digested with Clal and ligated into Buesciipt (Stratagene), predigested with Clal 

and EcoflV, resulting in construct pBS.PCRl. > 
I006S1 VectorpTNwasdigestedwithre8trictionenzyttHMEcoRI(partalty)andScal.andtheONAfrag»nentM^^^ 

the PGK promoter sequences was ligated into P8S.PCRI digested with Seal and EcoRI. The reauffing construct PBS. 
PGtCPCRI contains the human PGK promoter operatively linked to Ad5 El sequences from nt.459 to nt. 916. 

Construction of plG.E1A.E1B.X (Fig. 2) 

[0066] pIG-EI A.E1 B.X was made by replacing the Scal-BspEl frajr»nt ot pAT-X^ by the corresponding tragment 
from PBS.PGK.PCRI (containing the PGK promoter linked to El A sequences). 

rooSTl piG.E1A.ElB.XcontalnstheElAandE1BcodingsequencesunderthedirecttonotthePGKpiwnoter. 
[0O68I AS AdS sequences from nt,4S9 to nt. 5788 are present in this construct, also pIX protein of adenov.nis Is 
encoded by this piasmid. 

Construction of plQ.E1A.NE0 (Fig. 3) 

(00691 In order to introduce the complete E IS promoter and to fuse this promoter in such a way that the AUG «)don 

of E1B 21 kO exactly functions as the AUG codon of NEOR. we ampiried the E18 promoter usmg pn^e« ^ and 

Ep2. where primer Ep2 Intwduces an Ncol site in the PGR fragment. The resulting PGR fragment, 'l^*^^^ 

digested witS Hpal and Ncol and ligated into pAT-X^. which was predigested with ^^^^j^J^^^ 

DiLnid was de^gnated pAT-X«.PCR2. The Ncol - StuI fragment of pTN, contaming the NEC gene and part «»» me 

kSs 8 v"s (HBV) poly-adenylation signal, was cloned into pAT.X/S-PCfl2 (digested with Ncol a"** N^D- 

TesSg coS: pAT.PCfl2-NEb. The polyadenylatlon signal was completed by replacing the &«l-SaH fragment 

of^^PC^S-NEO by the corresponding fragment otpTN(resultln9 in pAT.PCR2.NEO.^^^^^^^ 

PCR2.NEO.P (A) was replaced by the corresponding fragment of plG.E1A.E18.X. containing the PGK promoter linked 

1m«J ^Tl.e resulting construct was named plG.E1A.NEO, and thus contains AdS El sequences (nL4S9 to nt 1713) 
under the control of the human PGK promoter. 

ConstfueHon of ptQ.EIAJEIB (Fig. 4) 

[0071] plG.E1A.E1BwasmadebyampBfyingthesaquencesencodingtheN-temiinalan^noa^^^^ 

primers Ebl and Eb2 (introduces a Xhol site). The resulting PGR fragment was digested with Bglll and cloned .mo 

KTpI^'eu'^IB tlto^^^^ HBV poWA) sequences of plG.E1A.NE0 downstream of 

^^riqi^i^ of pAT reR3 by exchange of Xbal - Sa« fragment of plg.ElA.NEO and the Xbal Xhol fragment of 

"JlG-EI A.E1 a contains nt 459 to nt 3S10 of AdS. that encode the El A and E1 B proteins. The E1B sequences 
are terminated at the splice acceptor at nt3511 . No ptX sequences are present in this construct 

Construction of pIQ.NEO (Fig. S) 

[0074] pIG NEO was generated by cloning the Hpal - Seal fragment of plG.E1A.NE0. containing the NEO gene 
under the control Of the Ad.5 ElBpromoter. into pBS digested with ..^NEOsel*^ 
[0075] This construct is of use when established cells are transfectedwrth E<A.EtB instructs and NK stf^ 
^required. Because NEO expression is directed by the El 8 promoter, NEO resistant cells are expected «»*^ 
ElXS a^is 8dvantag««i» formaintainlngh^ 

Testing of constructs. 

rM78l The mtearitv of theconstnicts plG.E1A.NEO. plG.E1A.ElB.X and plG.E1A.E1B was assessed by restriction 
SSSenJSp^IgTShi-S^pan^ofmeconstnx^smatwereobta^^^ 

anatvsis No chanqes in the nudootide sequence were found w .:^-»^ir« 

[^ -^e t-sUs were transfected into primary BRK (Baby Rat Kidney) celS « " 

morta L (ptQ.EIA.NEO) orfUIV iransfom, (pAd5.XhoK:.plG.El A.E18.X and P'^^^^A-EIB) fliesecelte. 

kSS^ Of e-day old WAG-RiJ rate were isolated, homogenized and V^Mzed. S-^f -"'^^r'/f 
i^cmVo?^ BRK ce^l culture, were transfected with 1 or 5 nfl of pIG.NEO. plG.ElA.NEO. plG.E1A.Eia pIG^ 
I1A E?B X pAdSXholC. orwithplG.E1A.NEO together with PDC26 (Van derElsen et al.. 1983).C8.rym9 the AdS.EIB 
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gene undw control of me S V40 earty promoter. Three weeks post-transfeclion, when foci were visible, the dishes were 
fixed. Giemsa stained and the foci counted. 

[0079) An overview of the generated adenovirus packaging constructs, and their ability to transfonm BRK. is present- 
ed rn Rg. 6. The results indicate that the constructs plG.EiA.aB and pIG.SlA.BB.X are abie to transfonm BRK celts in 
a dose-dependent manner. The efficiency of transfomiation is simitar for both constructs and is comparable to what 
was found with the construct that was used to make 911 celts, namely pAd5.XhotC. 

[0080] As expected. pIG.EI ANEO was hardty able to immortaliae BRK. However, co-transfection of an El B expres- 
sion construct (PDC26) did result in a significant Increase of the number of transfomiants { 1 8 versus 1 }. indicating that 
El A encoded tsy ptG.EI A.NEO Is functionaL 

[0081] We conclude therefore, that the newly generated packaging constructs are suited for the generation of new 
adenovirus panging tines. 

Generation of cell lines with new packaging eonstnicts Cell lines and cell culture 

[0082] Human A549 bronchial ca/cinoma ceMs (Shapiro et al., 1978). human embryonic retinoblasts (HSR). 
AcS-El -transformed human embryonic kidney {HEK) cells (293; Graham et al.. 1 977) cells and A<S-transformed HER 
celte (91 i : Failaux et at, 1 996)) and PER cells were grown in bulbecco'a Modified Eagle Medium (OMEM) supplemented 
with 10% Fetal Catf Serum (FCS) and antibiotics In a 5% C02 atmosphere at 37^C. C^l culture media, reagents and 
sera were purchased from Gibco Laboratories (Grand Island. NY). Culture plastics were purchased from Greiner 
(Nurtingen. Gemnany) and Coming (Coming. NY). 

Viruses and virus techniques 

[0083] The construction of adenoviral vectors IG.Ad.MLP.nls.iacZ, IG.Ad.MLP.Iuc. lG.Ad.MLP.TK and IG.Ad.CMV. 
TK is described in detail in patent application £P 0707071. 

[0084] The recombinant adenoviral vector IG.Ad.Mt.P.nls.lacZ contains the E.coli lacZ gene, encoding p-gatactost- 
dase. under control of the Ad2 major late promoter (MLP).lG.Ad.MLP.tuc contains the firefly tuciferase gene driven 
the Ad2 MLP. Adenoviral vectors lG.Ad.MU>.TK and lG.Ad-CMV.TX contain the Herpes Simplex Virus thymidine kinase 
(TK) gene under the control of the Ad2 MLP and the Cytomegalovirus (CMV) enhancer/promoter, respecttvely. 

Transfecttons 

[008S] All transfecttons were performed by calcium-phosphate precipitation ONA (Graham and Van der Eb, 1973) 
with the GIBCO Calcium Phosphate Transfection System (GIBCO 8RL Life Technologies Inc. Gaitheisburg, tJSA), 
according to the manufacturers prptocol. 

Western blotting 

[0088] Subconfluent cultures of exponentially growing 293.91 1 and Ad5-El -transformed A549 and PER cells were 
washed with PBS and scraped in Fos-RIPA buffer (10 mM Tria (pH 7.5). 150 mM NaCL 1% NP40.01% sodium dodecyl 
sulphate (SOS), 1% NA-OOC. 0,5 mM phenyl methyl sutphon^ fluoride (PMSF). 0,5 mM trypsin inhibitor, 50 mM NaF 
and 1 mM sodium var^adate). After 10 mfn. at room temperature, lysates were cleared by centrlfugation. Protein con- 
centrations were measured with the Biorad protein assay kit» and 25 (ig total cellular protein was loaded on a 12.5% 
SOS-PAA gel. After electrophoresis, proteins were transfen-ed to nitrocellufose (Ih at 300 mA). Prestained standards 
(Sigma. USA) were run in parallel. Filters were blocked with 1% bovine semm albumin (BSA) in TBST (10 mM Trie. 
pH 8, 15 mM NaCl. and 0.05% Tween-20) for 1 hour. First antibodies were the mouse monoclonal anti-Ad5*E1B- 
55-kDA antibody AIC6 (Zantema et al., unpublished), the rat monoclonal anti-AdS-E 1 B-221 -kOa antibody C1G1 1 (Zante- 
ma et al.. 1985). The second anttoody was a horseradish peroxrdase-labeted goat anti-mouse antit)ody (Fromega). 
Signals were visualized by enhanced chemoluminescence (Amersham Corp. UK). 

Southern blot snalysts 

[0087] High molecular weight ONA was isolated and 10 >ig was digested to completion and fractionated on a 0.7% 
agarose gel. Southern blot transfer to Hybond N+ (Amersham, UK) was performed with a 0.4 M NAOH, 0.6 M NaCi 
transfer solution (Church and Gilbert. 1984). Hybridization was performed vdth a 2463-nt Sspl-Hlndllt fragment from 
pAdS.SalB (Bernards et al., 1 983). This fra^ent consists of AdS bp. 342-2805. The fragment was radiolabeled with 
a-^P-dCTP with the use of random hexanudeotide primers and Klenow ONA polymerase. The soutfiem blots were 
exposed to a Kodak XAR-S film at *80*C and to a Phospho*lmager screen which was analyzed by B&L systems Mo- 
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tecufar Dynamics software. 
A549 



2S 
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f0088J Ad5-El -transformed AS49 human bronchial carcinoma cefl lines were generated by transfection with pIG. 
EIA.NEO and selecUon for G41B resistance. Thiny-cne G418. resistant clones were established. Co-transfection of 
plG.E1A.eiB wrth pIG.NEO yielded seven G418 resistant ceB lines. 



PER 

[0089] Ad5.E1 -transformed human embryonic retina (HER) ceils were generated by transfection of primary HER 
cells with piasmid plG-£1A.£lB. Transformed ceS lines were established from well^parated fod. We were able to 
establlshseven clonal cell lines, which we called PER.CI. PER.C3. PER.C4. PER,C5. PER.C6. P^^^Sand PEaC9- 
[0090] One of the PER clones, namely PER.C6. has been deposited at the ECACC under number 96022940. 

15 

Expression of Ad5 El A and El B genes In transformed A549 and PER cells 

(00911 Expression of me AdS E1 A and the 55*kDa and 21 kDa E1B proteins in the established A549 and PER cells 
was studied by means of Western blotting, with the use of monoclonal antibodies (mAb). Mab M73 recognizes the El A 
20 products whereas M^s AIC6 and OGII are directed against the 55-kOa and 21 kOa El 8 proteins. respectweV 
ro0921 The anObodles did not recognize proteins in extracts from the parental A549 or the primary HER cells (data 
not shown). None of the A549 clones that were generated by co-transfection of plGNEO and piaEI A.E1 8 expressed 
delectable levels of El A or E1B proteins (not shown). Some of me AS49 clones that were generated by transfectton 
with pIG El A.NEO expressed the AdS E1 A proteins (Fig. 7). but the levels were much lovrer than those detected m 
protein tysates from 293 cells. The steady state £1 A levels defected in protein extracts from PER cells were n^ch 
higher than those detected in extracts from A549Klerived ceHs. All PER cell lines expressed simHar levels of E A 
proteins (Fig. 7). The expression of the E1B proteins, particuterly in the case of E1B 55 IcDa. was more vadabte. 
Compart to 91 1 and 293. the majority of the PER clones express high levels of El B 55 IcOa and 21 W>a Jhe steady 
state level of £1 B 21 IcDa was the highest in PER.C3. None of the PER clones lost expression of the AdS El genes 
upon serial passage of the cefls (not shown). We found that the level of E1 expression in PER cells rennained stable 
for at least 100 population doublings. We decided to characterize the PER clones in more detail. 

Southern analysis of PER clones 

35 [00931 To study the arrangement of the AdS-El encoding sequences in the PER clones we perfomied Southern 
analyses' Cellular DNA was extracted Irom all PER clones, and from 293 and 911 cells. The ONA was digested with 
HlndlU which cuts once in the AdS El region. Southern hybridization on Hindll digested ONA. using a '^diolabeted 
AdS-El-specific probe revealed the presence of several integrated copies of plG.EI A,E18 in the genome of the PER 
clones Figure 8 shows the distrtoution pattern (rf El sequences In the high molecular weight DNA of the tftfferent PER 

40 cell lines. The copies are concenuated in a single band, which suggests thai they are integrated as tandeni repeats. 
In the case of PER C3 CS. C5 and C9 we found additional hybridizing bands of low molecular weight that indicate the 
presence of truncated' copies of pIG.EI A.EIB, The number of copies was detem*ined with the use ^ij^ P^o^^^ 
Imager We estimated that PER.C1 , C3. C4. C5. C6. C8 and C9 contain 2. 88, 5,4, 5. 5 and 3 copies of the AdB El 
coding regon. respecthrely, and that 911 and 293 cells contain 1 and 4copias of the AdS El sequences, respectively. 

45 

Tmnsfeetlon efficiency 

(00941 Recombinant adenovectors are generated by co-transfection of adaptor plasmids and the large Clal fr^ent 
of AdS into 293 cells (see patent applteaiion EP 0 707 071). The recombinant virus ONA is formed by ^^o^^^Sf"* 
50 recombination between the homologous viral sequences that are present in ^^f^^f'^^^^^l^ ll^nJ^^r 
efficacy of this method, as well as that of alternative strategies, is highly dependent on the transfectabiWy of the he^r 
cells, -merafore, we compared the transfection efficiencies of some of die PER dones with 911 ceils, using the E.coB 
p-galaclosidase-encoding lacZ gene as a reporter (Fig. 9). 

55 Production of recombinant adenovirus 

10095] rields of recombinant adenovirus obtained after inoculation of 293. 91 1 . PER.C3. PERCS and P£R,C6 with 
different adenovinis vectors are presented in Table II, 
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[0096] The reautts Indicate that the yields obtained on PER cetis are ai least as high as those obtained on the existing 
cell lines. 

(0W7] In addition, the yields of the novel adenovims vector IG.Ad.MLPITK are similar or higher than the yields 
obtained for the other virai vectors on all cell lines tested. 

Generation of new adenovirus vectors (Fig. 10), 

[0098] The used recombinant adenovirus vectors (see patent application E P 0 707 071 ) are deleted for £ t sequences 
from 459 to m. 3328. 

[0099] As construct ptG.ElA.£tB contains AdS sequences 459 to nt 3510 there is a sequence overlap of 1B3 nt. 
between £18 sequences in the packaging construct ptG.EIA.B8 and recombinant adenoviruses, such as e.g. IG,Ad. 
MLP.TK. The overlapping sequences were deleted from the now adenovirus vectors. In addition, non-coding sequences 
derived from lac2, that are present in the ordinal contrucis. were deleted as well. This was achieved (see Rg. 10) by 
PGR amplification of the SV40 poly(A) sequences from pMLP.TK using primers SV40-1 (introduces a BamHI sfte) and 
SV40-2 (introduces a Bglll site). In ad<fitlon, Ad5 sequences present In this construct were amplified from nt 2498 {AdS. 
introduces a BgMi site) to nt 2779 (Ad5-2), Both PGR fragments were digested with Bgtit and were iigated. The tigatipn 
product was PGR ampUfied using primers SV40-1 and Ad5-2. The PGR product obtained was cut with BamHI and Aflll 
and was iigated into pMLP,TK predigested with the same enzymes. The resulting construct, named pMLPLTK, contains 
a deletion in adenovirus El sequences from nt 459 to nt 3510. 

Packaging system 

[0100] The combination of the new padcaging construct plG.ElA.El B and the recombinant adenovirus pMUPhTK. 
which do not have any sequence overlap, are presented in Fig. 1 1 . In this figure, a^o the original situation is presented, 
where the sequence overlap is indicated. 

[0101] The absence of overlapping sequences between plG.ElA.E1 B and pMLPlTK (Rg. 1la) excludes the possi- 
bility of homologous recombination between packaging construct and recontoinant virus, and is therefore a significant 
inrtprovement for producdon of recombinant adenovirus as compared to the original situation. 
[0102] In Rg. 11b the sItuaUon is depicted for pIG.E1A.NEO and IG.Ad.MLPl.TK. plQ.ElA.NEO when transfeded 
into established cells, is expected to be suf^ctent to support propagation of E1 -deleted recombinant adenovirus. This 
comoination does not have any sequence overlap, preventing generation of RCA by homologous recombination. In 
addition, this convenient packaging system allows the propagation of recombinant adenovtnjses that are deleted just 
for El A sequences and not for £18 sequences. Recombinant adenoviruses expressing £1B in the absence of El A 
are attractive, as the E 1 B protein, in parttcutar £1 B 1 9kO, is able to prevent infected human celts from lysis by Tumor 
Necrosis Faaor (TNP) (Gooding et al., 1991). 

Generation of recombinant adenovlrue derived from pMLPLTK. 

[0103] Recombinant adenovirus was generated by co-transfection of 293 celts with Sail linearized pMLPl.TK ONA 
and Cial linearized AdS wt ONA. The procedure is schematically represented in Fig. 12. 

Outline of the strategy to generate packaging systems for mfnimat adenovirus vector 

[0104] Name convention of the plasmids used: 

p plasmki 

I rrfl (Adenovirus Inverted Terminal Repeat) 

C Cytomegalovirus <CMV) Enhancer/Promoter Combination 

L Firefly Luctferase Coding Sequence hac.haw Potential hairpin that can be formed after digestion with restrkrtion 
endonuclease A8p7l 8 in its correct and in the. reverse orientation, respectively (Fig. 1 5). 

[01051 Eg. pICLhaw is a plasmtd that contains the adenovirus ITR followed by me CMV-driven luciferase gene and 
the Asp71 B hairpin in the reverse (non-functional) orientation. 
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1 .1 Oemonsuation ot me competence of a synftatic DNA sequence, that ia capable of fonning a •^j^'^^^f^ 
serve asaprimerforraverse strand synthesisfor the generation of double-stranded DNA moleculesmcelb 

and express adenovirus genes. 

[0106] Piasmlds pfCthac. pICthaw. pICU and piCt were generated using standard techniques. The schematic rep- 
resentation of these ptasmids \& shovwi in Rgs. 16-19- 
Piasmid pICt Is derived from the following piasmids: 

m.l -ASTpMLPIO {Levrero etal,. 1991) 
nt.458 • 1218 pCMVp (Ctentech, EMBL Sank No. U02451) 
nt-1219 - 3016 pMLP.Iuc (IntroGene, unpubfished) 
nt.3017 - S620 pBLCATB (Stein and Whelan, 1 989) 

DMLPIOASB Using primer set PCR/MLPI and PCfVMLP3 a 210 bp fragment conta«.ng the A'^-'T^f'- "^nked by a 
SSte was amplified using pMtPlb DNA as the templale. "me PGR product ««9rl''i',r^S 
SgrAI to generate a 196 bp. fragment Plasmid pMLPlOASB was digested vrth Ecofll and 
Sai S^ovfthe^. -^is fra^nent was replaced by the B»RI-SgrAl-,reated PGR ''^^:>'^'^^^r^^J-l' 
SAL pSd pCMV^.ue was dieted with Pvull to completion and redrculated to remove the SV^O^""^*" fjy- 

L^^atTsignaTand^^^ 

mi wMrBpLed b/the Sal-site-fianked ITR from plasmid pMLP/SAL by exchanging the Xmnl-Sadl frag- 
ATiZm^t^W. pCMV^dSAL. the AdS left tem^nus and the CMV^JrWen luciferase gene were 
Sfed^ aTr^S l^m;^ and inserted in the Sail and Hpa. digested plasmid pBUCATS. to f om, plasm,d p.CL. 
Plasmid pICL is r^resented In Fig 19; its S6qu«»c8 is presented in Rg. 20. 
pioai PiasmldplCL contains the following features: 

nt. 1 -457 AdS left temiinus (Sequence 1 -457 of human adenovirus type S) 

nt 458-969 Human cytomegalovifus enhancer and Immediate 
early promoter {Boshart et al.. 1 985) (from plasmid pCMVp. Clontech. Palo Ate. USA) 
m. S70- 1 204 SV40 1 3S axon and truncated 1 6/1 9S inlron (from plasmid pCMVp) 

nt 1218-2987 Firefly luciferase gene (from pMLP.luc) w„oii-at«!v 

m. M18^31 SV40 tandem poty-adenylation signals from late transcript, derived from plasmid pBLCATS) 

nt 3132-5620 pUC12 backbone (derived from plasmid pBUCATS) 

nt. 4337-51 91 (Wactamase gene (Amp-reslstence gene, reverse orientation) . 

Plasmid pICLhac and pICLhaw 

roiOSl Piasmlds pICLhac and pICUhaw were derived from plasmid pICL by digestion of the latter plasmid »rim the 
^ . !L,r.^I!^ A«7iB The linearized plasmid was treated w8h Calf-lntesUna AlkaSne Phosphatase to remove 
[Xho^^9«^ Pa'S^^^ 'Vnthetic sing^st«nded ^igonuclaoUde Hp/aspl en Hp/asp2 

wem annealed and phesphorylated on their 5'ends using T4-polynucteotide kinase. 
Tc^or^SoiXldLbie-stranded Oligomers weremixedwim 
ScL«l^ontai,^ng'^.singlecopyo.thesynthetteoligonud«,.«^ 

^^inre^iSTiftl^edoBgonucteo^dewasver^ledinse.^^ 

A-Serrct^rrrrrr^^^ 

Se /vL-ItSo the ASP718 site of plCl_ The 194 bp Sail-SgrAl fragment was '^^'^J;^^- ^S3e 
SrdCwerew.wertedtobluntendsusto,gE.coliONApolyme«sei(W^^^^ 

e^lZ^n^ to blunt ends S^treatment with mungbean nuclease. By ligation clones were 3^^^^' 
«^ln^ mTSe ASP71 8 site of^ asmid plCt. A done that contained the ITR fragment In the co^ect of«n^ 
wrdernaS pICU (fJ. 18). Gen«ation of adenovirus Ad-CMV-hcTK. Recombinant adenovirus w« co,«b^rted 
r^l^n! to fte method described in Patent application EP 0 707 071 . Two componenu are required to generate a 
:^b^'aS "rut S^an adaptor-pi^d containing the toft tem,i„us of the adenovin.s genome containing 
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the ITR and the packaging signal, an expression cassette with the gene of interest, and a portion of the adenovirus 
genome which can be used for homotogous recombination. In addition, adenovirus ONA is needed for recombination 
with the aforementioned adaptor plasmid, in the case of Ad-CMV-hcTK, the plasmtd PCMV.TK was used as a basis. 
This plasmid contains nt 1-455 of the adenovtnjs type 5 genome^ nt. 456-1204 derived from pCMVp (Ctontech. the 
Pstl'StuI fragment that contains the CMV enhancer promoter and the 1SS/19S intron from Simian Virue 40). the Herpes 
Simplex Virus thymidine kinase gene (descnbed In Patent application EP 0 707 071 ), the SV40-derived potyadenylation 
signaJ (nt, 2S33-2668 of the SV40 sequence), followed by the Bglil-Scal fragment of AdS (nt. 3328-6092 of the AdS 
sequence). These fragments are present in a pMLPIO-derived (Levrero et al., 1991) baci(bone. To generate plasmid 
pAO-CMVhC'TK, pfasmtd pCMV.TK was digested with Dai (the unique Clal-site is located just upstream of the TK 
open readingframe) and dephosphoryiated with Caff-lntestine AOcaltne Phosphatase. To generate a hairptn-structure. 
the synthetic oligont^leotides HP/cla2 and HP/cla2 were annealed and phopsphorytated on their 5*-OH groups with 
T4-polynucleottde kinase and ATP. The double-stranded oligonucleotide was ligated with the linearized vector fragment 
and used to transform E.coli strain *Sure\ insertion of the oligonucleotide into the Clat site wHt disrupt the Clal recog- 
nition sites. The oligonucleotide contains a new Ctaf site near one of its temiint. in selected dones, the orientation and 
the inegrity of the inserted oligonucteotide was vorifiB^ t>y sequence analyses. A clone containing the oligonucleotide 
in the correct orientation (the Clai site at the ITR side) was denoted pAd-CMV-hcTK This plasmid was co-trans/ected 
with Ciai digested wild-type Adehdvims-fyP^ ONA into 911 celts. A recombinant adenwims in which the CMV-hcTK 
expression cassette replaces the £l sequences was isolated and propagated using standard procedures. 
[011 2] To study whether the hairpin can be used as a primer for reverse strand synthesis on the displaced strand 
after replicatkin had started at the fTR, the plasmid ptCLhac is introduced into 911 celts (human embryonic retlnoblasts 
trar^sformed with the adenovirus £1 region). The ptasm^j pICLhaw serves as a control, which contains the oligonude- 
otide pair HP/asp 1 and 2 in the reverse orientation but is further completely tdenticdl to plasmid ptCLhac. Also included 
in ^ese studies are plasmlds ptCLt and plCL. In the plasmid pICtt the hairpin is replaced by an adenovirus ITR. Plasmid 
pICL contains neither a hairpin nor an ITR sequence. These plasmids serve as controls to determine the efTiciency of 
replteation by virtue of the terminal-hairpin structure, To provide the viral products other than the £1 proteins (these 
are produced by the 911 cells) required for DNA replication the cultures are infected with ^e virus lO^dMLPl.TK after 
trartsfection. Several parameters are being studied to demonstrate proper repla:ation of the transfected DNA molecules. 
First, DNA extracted from the cell cultures transfected with aforementioned plasmids and infected with IG^.MLPl. 
TK virus Is being analyzed by Soutfiem blotting for the presence of the expected repttoatton fntermediares. as well as 
for the presence of the duplicmed genomes. Furthermore, from the transfected and IG.Ad.MLPI.TK infected celt pop- 
ulations virus IS isolated, that is capable to transfer and ei^ress a luciferase marker gene into tuciferase negative ceHs. 
[01 1 3] Plasmid ONA of plasmids pICLhac, ptCLhaw. plCLi and pICL have been digested with restriction endont^^le* 
ase Sail and treated with mungbean nuclease to rentove the 4 nucleotide single-stranded extension of the resulting 
DNA fragment In this manner a natural adenovinjs 5'ITR terminus on me DNA fragment is created. Subsequently, 
both the pICliiac and ptCLhaw plasmids were digested with restriak>n endonuclease A5p718 to generate the terminus 
capable of forming a hairpin structure. The digested plasmids are introduced irito 91 1 cells, using the standard cakrium 
phosphate co-predpitation technique, four dishes for each plasmid. During the transfection, for each plasmid two of 
the cultures are infected with the IG Ad.MLPl.TK virus using 5 infectious IG JVd.MLPl.TK partctes per cell. At twenty- 
hours post-transfection and forty hours post-transfection one Ad.tk^irus*infe^ed and one uninfected culture are used 
to isolate small molecutar-weight Of^ using the procedure devised by Hirt Aliquots of isolated ONA are used for 
Southern analysts. After digestion of the samples with restriction endonuclease £coRl using the tuciferase gene as a 
probe a hybridizing fragment of approx. 2.6t(b is detected only in the samples from the adenovirus infe^ed celts trans- 
fected with p^mid pICLhac. The size of this fragment is consistent with the antidpated duplication of the tuciferase 
marker gene. This supports the conclusion that the inserted hairpin is capable to serve as a primer for reverse strand 
synthesis. The hybridizing fragment is absent if the IG.Ad.MLPLTK virus Is ontitted. or if the hairpin oligonucleotide 
has been inserted In the reverse orientation. 

[0114] The restriction endonuclease Dpnf recogntees the tetranucleotide sequence S'-GATC-3'. but cleaves only 
methylated ONA, (that is. only (plasmid) ONA propagated in and derived from £.coli, not ONA that has been replicated 
in mammalian cells). The restriction endonuclease Mbct recognizes the same sequences, but cleaves only unmethyl* 
ated DNA (viz. DNA propagated in mammalian cells). DNA samples isolated from the transfected celts are incubated 
with Mbot and Opnl and analysed with Southern blots. These results demonstrate mat only in me celts transfected with 
the plCLhac and the plCtl plasmids large Opnf-resistant fragments are present, that are absent in the Mbol treated 
samples. These data demonstrate that only after transfectipn of plasmids pICtt and pfCUiac replication and duplication 
of the fragments occur. 

[0115] These data demonstrate that in adenovtrus-infected cells linear DNA fra^ents that have on one cemitnus 
an adenovirus-derived inverted terminal repeat (ITR) and at the other tenrrinus a nucleotide sequence that can anneal 
to sequences on the same strand, when present in single-stranded form thereby generate a hairpin structure, and will 
be converted to stmaures mat have inverted temntnat repeat sequences on bom ends. The resulting ONA molecules 
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wOl repficata by the same mechartsm as the wHd type adenovirus genomas. 

1 2 Demonstration mat the ONA molecules that contaBt a luciferase marker gene, a single copy ot the th« 
eJSlaS. signal and a synthetic ONA sequence, that is capable ot lorming a hairpin stn«ture. ere suir«ient to 
generate ONA molecules that can be encapsidated into virions. 

101161 To demonstmte that the above ONA molecules containing two copies of the ^"^f^"^'^^^ 
Inisldated Into virions, vims is harvested from the remaining t«o cuttures v« three cydes <" 'j^J*^^^ 
^^s used to ln.ec. murine fibroblasts. Forty-eight hour, after in.ection me Wected '^^f^^^,^^^ 
actlity To exclude me possibility mat me luciferase activity has been Induced by transfer of free ONA. "^^^^ 
SpartlL.vir«st«il« are treated v^thDNasel to remove ONA con^^^^ 
SaSquotsofmevin.sstoclcsareincubatedfor60minute.at56^.TheheattreatmentwHlno^ 
DNA butwia inactivate the viruses. Significant ludferase activity is found in the c^te after .nfecten *^ 
8to2«dertedfromlG.Ad.^«.PI.TK.infectedcellst^^^^ 

nS^ «LC nor In me infected ceHs transfected wim me plCthaw and plCU signif l«dfe«se a^V^J 
deSStrated.Heatinactivation.butnotDNa*e. treatment, completely eW^^^ 

mat adehbvihis pirtibies. and not free (contaminating) DNA fmgments are responsible for transfer of me luoferase 
[^^r'T^*^ resuttsdemonstratethatmes. small viral genomes can be encapsid«^^ 

SuoQ«t mat me ITR and me encapsidatlon signal are sufficient for encapsidation of linear ONA fragments mto aden 
TJ^o^^JhJeaaeMpe^^n be used for efficient gene transfer. When introducedlnlo cete that 
crn^'n^e«r^1tl^tpanofmead.novirusgenes(vte.E1.B;.E4.an^ 
mrt«ns?sl7a^1^t one im at toast part Of the encaps^^^ 

S^le of fom^Hfl « "ain^n stnicture. have the intrinsic capacity to autonomously ^^ff-'^"^ ^'^'^ 
which can be enc^dated into virions. Such genomes and vector system can be used forgone transfer. 

1 3 Demonstration mat ONA molecules which contain nucleotides 3S10 ■ 3S953 (viz. 9.7 - 100 map units) of me 
liSS^r.^ 5 ^?ome (mus tack me El protein^ing regions, the right-hand ITR and me 
sSuSs^^ at^inal ONA sequence thattocomplementary to aportlon «^«ff'««'^<>»'.^^°^^^^ 
wZ present In single-stranded fom, omer man me ITR. and as a result is capable of fom,«g a harrpm stnrcture. can 
replicate in 911 cells. 

roiiSl in order to develop a replicating DNA molecule mat can provide me adenovirus products required to allow 
TeaS.vIn^n'o'^^^S.^ve^^ 

fcfes b¥helpercells.me Ad-CMV-hcTK adenoviral, vector has been devetoped. ^^^"^^^^1^*^^^^' 
S^n^ndTm^d.neki,asegene.heannea,edol.gonucleotldepairHP^^^ 

tJnc can be orwiaoated and produced in 911 cell using standard procedures. This vector is grown and propageteo 
T^^^JT^Xa used for transfecdon. ONA of the adenovin.s Ad-CMV-hcTK « «ola^ from 
nSS^had^Tpurif^d using CsCI density-gradient centrSugation by standard techniques. The vfnis DNA h»^ 
r^gS'^tS^st^rendoLiease C 

me larg^ragment is isolated and used for further experiments. Cultures of ""'J'^f^^^f^?^ 

of me Ad-CMV-hcTK DNA using me standard calcium phosphate co-precipltatlon technique. Much ^ « "e 
Z^u^ exoeri^s Wim plcGiac. me AD-CMV-hc will replicate starting at me right-hand "TR- On«. the 

f!SisTSaS!^befom^atmeleft-handtem»nuaoft^ 

converted to its double-stranded form. FinalV. the right-hand fTR will be '^^a^ted. and in m» towtiM m^ 
:S:;:virusrep«iOa.ionand,H<^^^ 

Tw^ j::t b^.^ e'S corn^^T^ut ^ 
Z«''^?sSe''can be detected i^ 

SI a aVrb.^"S^ nature of me DNA fragment can be demonstrated ''V^'^^'^J '""r!!^ 
w^ f^A Wim sSLle restrfction endonudeases and Soumem blotting wrth ^^^^^^l^^^^^ JZ 
motecule can replicate itself In me transfected cells by virtue of the adenovims gene products mat a« P^seni in^ 
rj^n D^the^novin»s genes are expressed from templates mat are integrated in me genome of me ^f^^ 
^J, Ihe eroeTeSXTtheomefgenes resWe in me replicating ONA fmgment itself. Note however, mat m«llnear 
S^^gmrrriS^ln^^SU into Virions.^ 
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datton. but also is its size much too targe to be endapstdated. 

1 .4 Oemonstration that ONA molecules which contain nudeoUdes 3503 - 35953 (viz. 9.7 - 1 00 map units) of the 
adenovirus type 5 genome (thus tack the El protein-coding regions, the right-hand ITR and the encapsidation 
5 sequences) and a termlnat ONA sequence that is eompiementary to a portion the same strand of the ONA molecule 
other than the ITR, and as a result is capable of fomting a hairpin structure, can replicate in 9 1 1 cells and can provide 
the helper functions required to encapstdate the pICLI and ptCLhac derived ONA fragments. 

[0120] The nett series of experiments aim to demonstrate that the ONA molecule descn'bed in part 1.3 could be 

10 used to encapsidate the minimal adenovectors described in part 1.1 and 1.2. 

[0121] In the experiments the large fragment isolated after endonudease Clal-digestion of Ad-CMV-hcTK ONA is 
introduced into 911 cells (confomi the experiments described in part 1 .3) together with endonudease Sail, mun^an 
nudease. endonudease Asp71 8-treated plasmid piClhac. ores a control simHarty treated plasmid piCUiaw. After 48 
hours virus is isolated by freeze*thaw crushing of the trarisfected cell population. The virus*preparatfon is treated with 

ts DNasel to remove contaminating free ONA. The virus is used subsequently to infect Rat2 fibroblasts. Forty-eight hours 
post irifection the celts are assayed for tuciferase activity, Only tn the cells infected with virus Isolated from the celts 
transfected w%h the plCliiac plasmid, and not with the piCtJtaw plasmid. signtficant ludf erase activity can be demon- 
strated. Heatinactivation of the virus prior to sifecUon completety abolishes the ludferase activity, indicating that the 
luciferase gene is transferred by a viral particle. Infection of 91 1 ceO with the virus stock did not result in any cytc^a^o- 

^ logical effects, demonstrating that the pICLhac is produced without any infectious helper virus that can be propagated 
on 9 1 1 celts. These results demonstrate that the proposed method can be used to produce stocks of minimal-adenoviral 
vectors, that are completely devoid of infectious helper ^m-uses that are able to replicate autononriousty on adenovirus- 
transfomned human cells or on non-adanovlrus transfonrned human ceHa. 

[0122] Besides the system described in this appHcaUon, another approach for the generation of minima) adenovinis 
vectors has t^een dtsdosed in WO 94/1 2549. The method deso^ed in WO 94/1 2649 exploits the function of the protein 
IX for the packaging of minimal adenovirus vectors (Pseudo Adenoviral Vectors (PAV) in the termtnok>gy of WO 
94/12649). PAVs are produced by doning an expression plasmid with the gene of interest between the left-hand (in- 
duding the sequences required for encapsidation) and the right-hand adenoviral ftRs. The PAV is propagated in the 
pretwce of a helper virus. Encapsidation of the PAV is preferred compared the helper virus because the helper virus 

30 is partially defecth^e for packaging. (EtOier by virtue of mutations tn the packaging signal or by virtue of its size (virus 
genomes greater than 37.5 kb package tneffictently). In addition, the authors propose that in the absence of the protein 
IX gene the PAV will be preferentially packaged. However, neither of these mechanisms appear to be suf5cientty re- 
strictive to allow packaging of only PAVs/minimal vectors. The mutations proposed in the packaging signal dintinish 
packaging, but do not provide an absolute block as the same packaging-activity is required to propagate the helper 

3S . virus. Also n^er an increase in the size of the he^er virus nor the mutation of the protein IX gene will ensure that 
PAV is packaged exclusively. Thus, the method descrit>ed in WO 94/12649 is unlikely to be useful for the productk>n 
of he^r-free stocks of minimal adenovirus vectors/PAVs. 
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Table I 



Primers used for PCR amplificerion of DMA fragmentis used 
for generarioo of construcrs described in chis patient 
application. 
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Ea - 1 CGTGTACTCTATTTATACCCC 

£« - 2 TCGTCACTCGCTGG AAAGCCA 

Ea-3 TACCC5CCGTCCTAAAAXGCC 

Ea - 5 TOCACTTCACCTGTAAACCC 



GCCTCCaXOMACCXCAGATOT 

GCTrCACCCCGAGACATCTC 

liijCCTCAATCTCTATCrT 



Ep-2 

Eb-1 
Eb-2 



SV4 0 • 1 CCGCjSalCCCAACTTCTTTATTCCACC 

SV4 0 • 2 GGGaSAXCZAGACATGATAAG ATAC 

Ad5 - 1 GGCe^OaXCrCTACTGAAATCTCTGCGC 

Ad5 - 2 GGACGCTCCACTCrCCAACCCCCT 

ITRl- GCCGaolCCTCAAATCCTCACTTCCCT 

1TR2 CCCGlCrafiACATCATCAATAATATAC 



PCR ampXiflcacion AdS nt4S9 -> 
PCR anvpllficaclon Ad5 nr960 <* 
nrl284*X3Q4 of Ad$ genome 
Qt.1514-1533 of AdS genome 

ncl721-1702 of AdS; 
incroducrion of NcoX sire 
nt:326r-32S9 oi AdS geoome 
nc350B-3496 ot AdS genome; 
introduction of XhoZ site 
Introduction 3«mKI site 
(nt2X82-2199 of pHLP.TK) 
adaption of 'ecmbinant 
adenoviruses 
Xatroduction agxiz site 

{nt23X2-2297 of pMtP . TK> 
Zotroduetion 3gXrz site 
;nt2496-2SX4 pHLP.TK} 
nt2T79-2756 tf PMtP.TK 
ftt35737-35757 of AdS 

r introduction of baahI site) 
nt3S935»359i9 of AdS 
(introduction of xbal site) 



so 



{0124] PGR pn'mers sets to be used to create the Sait and A5p7l 6 sites juxtaposed to the fTR sequences. 



PCR/MLPl 



CGCGAATTCGrCGACATCATCAATAATATACC 



(AdS nt. X0-i8) 



PCR/MLP3 



GCCCAATTCGGTACCATCATCAATAATATACC 
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PCR/MLP2 CTGTOTACACCGGCCCA <Ad5 nr.a00-i84, 

HP/aspl 5 • •^nrACACTCACCTACTCCCCCCCCCCCAAAGCCCCCGCCGCACTACGTCAC 
HP/asp2 5* - 3TACCTGACCTACTCCCCCCCCGCCTTTCCCCCCCCGGCACTAGGTCAGT 
T^lr Si^'l^^on"^"''' ^^"^'^^ ^ ^^^^ ^^'^"^ ^^^^"^ -^te to be 

HP/clal 5 • -OtACATTGACCTAGTGCCCCCCSCGCAAACCCCMGCGGCACTAGGTCAATCGAT 
KP/cia 2 5 * ' 37ACATCGATTCACCTACTCCCGCCCCGCCTrTCCCCGGGCCGCACrAGGTCAAT 
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Claims 
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1 . A packaging system comprising: 

a recombinant nucleic add molecule based on or derived from an adenovirus said niicfeic acid mol^ui^ 

a packaging cefl, said f«M«Wnantnud8fe acid and said packagingcell together coniprisineal^ 
are^necessaorto ganeratea^combinant adenoviral panicle «Uprisi„g«i^ 

rrar^d^rr^r^-rerr- 
' rnv^e^^s^s^rornrs.;.^^^^^ 

1^^!*^ system comprising a recombinant nudete add molecule resulting fn^ the action of a nucleic acid 
polymerase on a nude* add molecule comprised by a padcaglng system according to d^^ 

7. A packaging system according to daim 1 , wherein said padtaglng ceU comprises a nudeic add motemte «m 
pnsing a mutated £2 region rendering at least one of Its Lnperallro^ti^r 

ii^^^fp^/r^""" ««« « acid molecule com- 

prising an E2 region under the control of an Indodbia promoter. « ...owcuie com 

^l^'Sl'^^fSlT^t!'^'" «^'**P«*afl'"acel'»'as been provided with one or more pack- 

fmrlirteaJti^^^EI A rt^:r ""'^'^ »^ ce« wim the ability to express adenoviral gene products de'rived 

provide said cell with the ability to express adenoviral gene products derived from the E2A regfon. 

rJ^^l according to daim 10, wherein the recombinant nudeic add molecule encodno the EZA 

regton is under control of an indudble promoter. o"«w»ng me 

^ r^t^ff^^,!!^"' according to daim 1 0 or 11 , wherein the recombinant nudefc acid molecule encoding the E2A 
region is mutated so that at least one of its products is temperature sensitive. 

t^SSt^ ^^^'^ ^"^^ '^'^ '^"^ P**^9ing cell does not have the abHity to express E18 

t4. Apadcaging system according to Claim 13. wherein the genetic infonnation encoding El B products is not present. 

1 5. A packaging system according to claim 9. wherein said pad»ging ce« further comprises the region coding for El B. 

16. A packaging system according to daim 9. wherein said padcaglng cell further comprises a marker gene. 
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17. A packaging system according to ctalm 16, whereby the marker gene is under control ol the El 8 responshre 
promoter. 

18. A packa^ng cell hartjcuring a DMA fragment of an adenovirus, that fragment consisting of nucleotides 80'57ae 
5 of the human Adenovirus 5 genome. 

19. A packaging cell harbouring a ON A fragment of an adenovirus, that fragment consisUng of nucleotides 45&-1713 
of the human Adenovirus 5 genome. 

10 20. A packaging cell harbouring a DMA fra^ent of an adenovirus, that fragment consisting of nucleotides 459-351 0 
of the human Adenovirus 5 genome. 

21 . A packaging system according to claim 9. whereai said packaging cb« does not have the abUity to e)Q?ress the 21 
kD £16 product. 

ffl 

22. A packaging system according to cla^ 21 , wherein the genetic infom^Uon encoding me 21 kD El B product is 
not present in said packaging 

23. A packaging system according to anyone of clafTO 9-17, 21 or 22, wherein said packaging ceil is a diploid cell. 

24. A packaging system according to anyone of claims 9-17 or 21*23. wherein said packaging ceil fe of non-human 
origin. 

25. A packaging system according to anyone of claims 9-17 or 21 -24. wherein said packaging cell is of monkey origin. 

26. A ceil according to claim 18 as deposited under no. 95062101 at the ECACC. 

27. A packaging system according to anyone of claims 1 -1 7 or 21 -25, wherein said recombinant nudeic ^ molecule 
is a DNA motecutd. 

28. A packaging system according to claim 1 , wherein said r«;onr*inam nucieto acid molecule has at least a deletion 
of nucleotides 459-351 0 of the El region. 

29. A packaging system according to daim 1 , wherein said recombinant nucieks acid molecule has at least a deletion 
3S of nucleotides 459-171 3 of the E 1 region. 

30. A batch of recombinant adenovirus particles produced by a packaging system according to anyone of claims 1 -1 7, 
21 -25 or 27-29, whk^) batch is free of replkratwn competent particies. 

40 31. A cell corr^rising a packaging system accortfing to anyone of claims 1-17. 21-25 or 27-29. 

32. A packaging system according to anyone of clafrns 1-3, wherein said nucieto acid molecule comprises functional 
E2A and E2B genes or functional fragments or derivatives thereof under conuol of an £l A independent pronwter. 

4S 33. A packaging system according to ctelm 25. wherein said packaging call comprises a host range mutated E2A 
region of an adenovirus. 

34. A ceil according to daim 20 as deposited under no. 96022940 at the ECACC. 

so 35. A pa^rks^ing ce« for packaging adenovinjs derived nudek: add molecules. whk:h packaging cell has been provkted 
with one or more packaging nudek: add molecules, said nudec add molecuies or nudek; add molecules providing 
said cell wrtti the ability to express adenoviral gene products derived from at least both the E1 A and the E2A region, 
wherein the recombinant nudeic acid molecule encoding the E2A region is mutated so that at least one of tts 
products is temperature sensith^e. 

36. A packaging system according to claim 1 . wherein the genome of said packaging cell comprises nudeic add that 
encodes adenoviral E1A and E18 proteins but lacks pIX sequences. 
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b.^iSVlJ^^'u^es*''"''"*"*'*'" 9«non«nucteicacidthatenco<te9 adenoviral E1A and El Bproteins 



Patentan«prOehe 

1 . Vefpackungssystem, umf assend: 



ein rekombinantes NucleinsSuremolekul, das auf einem Adenovirus beruhl Oder davon abgeteitet ist, wobel 
das NucteinsauremolekOI ein funktionelJes Enkapsidierungsslgnal und wenfgstens efnen fur^ktioneUen Inverted 
Terminal Repeat Oder em funktionenes Fragment oder Oerivat davon aufwejst; und 

!;"^^^'P?**""9«elle. wobei die rekomblnante Nuclelnsaure und die Verpadcungszelle zosammen alte eie- 
menle umfassen, die nolWendig sind. um ein rekombinantes adenovirales Paitikel^das das rekornbinante 
NudeinsauremorekfiJ umfasst. zu erreugen, wobei das rekombinante Nudeinsduiemolekui keine Obertappen- 
den Sequenzen aufweist, die eine homologe Rekombination. die zu einem repiikationskompetenten Virtis in 
der Verpackun^zeJIe fuhrt, ermdglichen wOrden, 

Vapackungssyslem gemSfl Anspruch 1 . wobei das NudeinsduremolekQI in iinearer Form vorliegt und einen In- 
verted Terminal Repeat an beiden Termini oder in deren Nahe umfasst. 

Ve^kungssystem gemas Anspruch 1 . wobei das NucieinsduremofekuJ in Bnearer und im Wesentifchen einzel- 
str^giger Form voilegt und am S'-Tefminus eine Sequenz umfasst. die komplementSr zu einem stfomaufwirts 
geiegenen Teil desselben Strangs des NudeinsAuremolekuls ist. wobei die Sequenz in der Lege ist. eine Basen* 
paarung mlt diesem Teil in einer sotohen Welse einzugehen. dass sie ats Startscelie fOr eine NudeinsSure-PoJv- 
merase dienen kana ^ 

Verpackungssyslem, das ein rekombinantes Nucleins^uremolekui umfasst. welches aus der Einwirkung einer Nu- 
deinsSure-Polymefase auf ein NucfeinsJuremolekOi resuitiert, wetehes von einem Vefpackungssystem gemSfl 
Anspruch 3 umfasst ist, w / a 

Verpackungssystem genri^Q Ansp/uch 4. wobei das Nudeinsduremoleioil einen Inverted Terminal Repeat an bel- 
den Termini aufweist 



6. Verpackungssystem gemSO Anspruch t . wobei die Verpackungszelle ein Nucleinsduremolekia mit einer Wirtsbe- 
retchmutation umfas^. 



7. Verpackungssystem gemSfl Anspruch 1 , wobei die Verpackungszelle ein NucleinsSuremolekuT umfasst, das eine 
mutierte E2-Region umfasst, die wenigstens eines seiner Produkte temperaturempfindllch macht. 

a Verpackungssystem gemfifl Anspruch i , wobei die Verpackungszelle ein Nudeinsauremoiekul umfasst. das eine 
E2-Region unter der Kontrolle aines induzierbaren Promoters umfasst. 

9, Verpackungssystem gemSQ Anspruch 1 , wobei die Verpackungszefie mil einer oder mehreren Verpackungsnu- 
cleinsguremoiekOlen versehen ist. die der Zefle die FShigkeit verteihen. adenoviraie Genprodukte. die wenigstens 
von der Et A-Region abgeleitet sfnd. zu expr&ruefon. 

10, Verpackungssystem gemdfl Anspruch 9. wobei das eine oder die mehreren VerpackungsnucJeinsauremoiekule 
der Zefle weiterhin <Ba Fahigkeit verteihen. adenoviraie Genprodukte, die von der £2A-Region aboeteitet aind zu 
exprtfnieren. 

11, Verpackungssystem gemafl Anspruch 10. wobei sich das rekonr^inanteNucleins^uremofekul, das die E2A.Regk)n 
codiert. unter der Kontrolle eines tnduzferbaren Promoters befindet 

J 2. Verpaekungssystem gamaO Anspruch 1 0 Oder 1 1 . wobei das rekombinante NucleinsSuremolekOI. das die E2A-Re- 
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gion codiert so mutiert ist, dass wentgstens eines seiner Produkte temperaturempfindlich ist. 

13. Verpackungssystem gemkQ Anapruch 9. wobei die VerpacKungszeBe nichl die Fdhigkeit har, EIB-Produkte zu 
exphmieren. 

14. Verpackungssystem grnnSB Anspruch 13, wobei die genetische Infofmalion. die EIB-Pfodukte codiert, nicht vor- 
handen ist 

15. Verpackungssystem gemfiB Anspruch 9. wobei die VerpackungS2elle weiterhtn die Region umfasst, die fur E1B 
codien. 

16. Verpackungssystem gem§3 Anspruch 9. wobei die Verpackungszelie weitertiin ein Marker-Gen umfasst. 

17. Verpackungssystem gcmaQ Anspruch 16, wobei sich das Marker-Gen unlet der KontroHe des ElB-induzierbaren 
Promotors befindet. 

18. Verpackungszeile. die ein DMA-Fragment eines Adenovirus behert>ergt, wobei das Fragment aus dan NucIeoUden 
dO-57Bd des Genome des humanen Adenovirus 5 besteht. 

19. Verpackungszeile, die ein ONA-Fragment eines Adenovirus beherbergt wobei das Fragment aus den Nucieotiden 
459-1713 des Genoms des humanen Adenovirus 5 besteht 

20. Verpackungszeile, die ein OMA-Fraspiient eines Adenovirus behert>efgt wobei das Fragnnent aus den Nucieotiden 
459-3510 des Genoms des humanen Adenovirus 5 besteht 

21 . Verpackungssystem gemas Anspruch 9. wobei die Verpackungszeile nicht die FShigkelt hat, das 21-kO-E1 S-Pro- 
dukt zu exprimieren. 

22. Verpackungssystem gemSQ Anspruch 21 . wobei sich die genetische information, die das 21-kO.E1B-Produkt co- 
diert, nteht in der Veipackungszelle befindet 

23. verpackungssystem gemaS einwi der Anspruche 9-17, 21 Oder 22, wobei die Verpackungszefle eine dipioide 
Zelie ist 

24. Verpackungssystem gemSfl einem der Ansprttohe 9-17 oder 21-23, wobei die Verpackungszeile nichthumanen 
Ursprungs ist. 

25. Verpackungssystem gemafl eInem der Anspruche 9-1 7 oder 21-24, wobei die Verpackungszeile von einem Affen 
^ammt 

26. Zelle gem^B Anspruch 18, die bei der ECACC unter der Nr. 95062101 hinteriegt tst 

27. Verpackungssystem gemSO einem der Anspruche 1-17 oder 21 -25, wobei das rekombinante NucieinsauremoleWa 
ein ONA-MoiekDl ist 

28. Verpackungssystem gem^ Anspruch 1 , wobei das rekombinante NucleinsSurennolekiy wenigstens eine Deletton 
der Nucieoade 459-3510 der El -Region aufweist 

29. Verpackungssystem gemSfJ Anspruch 1 , wtrfwi das rekombinante NucleinsauremolekOi wenigstens eine Deletion 
der Nudeotide 459-1713 der £1 -Region auhweist 

30. Chaige von rekombinanten Adenoviruspartikeln. die durch ein Verpackungssystem gemSB einem der Anspruche 
1 -17, 21 -25 Oder 27-29 erzeugt wurden. wobei die Charge frei von replikationskompetenten Partikein ist. 

31 . Zelle, (to ein Verpackungssystem gemilS einem der Anspriiche 1 -1 7, 21 -25 Oder 27-29 umfasst 

32 Verpackungssystem gemaB einem der Anspruche 1-3, wobei das Nudeinsauremolekul funktionelle E2A- und 
E2B-Gene oder funktionelle Fragmente oderDerivate davon unter der Kontrolle eines EtA-unabh§ngigen Pro- 
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motors umfasst 



33. VeT)aclajn^ystem gemSQ Anspnich 25. wobei die Verpaclcungszelle eine wlrtsbereichmutieTO E2A.Regton ei- 

34. Zeflo gerrm AnspoK^h 20, die bei der ECACC untar der Nr. 96022940 hinteriegt ist 

35. Verpackungwelte zum Verpacken von NudeinsiuremoiekQien. die von Adenovirus abgelettet stnd wobei dte Ver- 
packungszeile mrt einem odernnehferen Verpackungsnucteinsauremotekiilen vensenen ist. wobei die Nudernsftu- 
remolekOie derZelte dfe Fahrgkeitvertemen. adenovlraleGenprodukiezu exprimieren, die wenigstens sowohl von 
der El A. ate auch von der e2A-Region abgefeitet sind. wobei das rekombinanle Nudeinsauremolekul. das die 
t2A*Region codtert. so mutiert ist, dass wenigstons eines seiner Produkte temperaturempfindlich ist. 

36. Verpackungssystem gemdS Anspruch 1 , wobei das Genom der Verpackungszelle Nucieinsiure umfassi, die ade- 
novirale El A- und E18-Proteine codiert. aber keine plX-Sequenzen autweisL 

37. VerpaekungssystenigemaaAnspnich 36. wobei die Verpac*ungs2efieem^ die bei der ECACiC 
unter der Nr 930^940 hinteriegt ist. » oei wr cumuu 

38. Zelle dwiurch gekennzetchnet. dase sie in fhrem Genom Nuclelnsdure umfasst. die adenovirale EIA- und 
El B-Proteine codiert, aber keine pIX-Sequenzen aufweist 



Revendicatfons 

1 . Syst^e d'empaquetage comprenant : 

une moldcule acide nud^ue recOTbinant bas^e sur ou d^riv6e d^un adenovirus, ladite mol^le tfacide 
wc\4iqu4i ayant un signal tf encapsidatton fonctionnel at au moins une sequence r^6t6e inversde terminaie 
ou un fragntent fonctionnel ou son d^d, et 

une cellule d'empaquetage, ledtt ackie nud^ique recon^inant et ladite ceilute rfempaquetage comprenant 
ensemble tous fes didments qui sont n^cessaires pour engendrer une particuie ac^noviraie recombinanle 
comprenant ladite nrtof^ule d-adde nud^ique recombmant oCi ladite moltejie d'adde nu:ld^ue recombinant 
pr^sente aucune sequence de chevauchement quf permet une recombinaison homotogue dans ladite ceHute 
d'empaquetage conduisant k un virus capable de replication. 

2, Systfenne d-en^quetage seton la revencficatton 1, dans lequel ladiie molecule d'acide nud^ique est sous une 
fomw lineaire et oomprend une sequence r^p^tee invers6e temiinaie au niveau ou proche de ses deux tenronai- 
sons. 



3. 



Systdme d'empaquetage seion la revendicatfon 1. dans lequel ladite moltajle d'acide nud^ique est sous une 
lorms lindaire et essentleltement k simple brin et connprend k la terminaison 3' une sequence compl6mentaire k 
une partie amont du mSme brin de ladtte molecule d'»:«Je nud^ique. ladite sequence etant capable tfapparier 
des bases avec ladite panie de fa^on d dtre en mesure de fonctionner convne un site de depart pour une adde 
nuddique polymerase. 

4. Systeme d'empaquetage comprenant une nwiecule d^adde nudeique recombinant resultant de faction tf une acide 
nudeique polymerase sur une moJ6cule tfadde nudeique contenue par un systeme tfempaquetaoe seion la re- 
vendication 3. 

5. Systeme d'empaquetage seion la revencfication 4. dans lequel ladite molecule d'adde nudeique a une sequence 
repetee Inversee lem^nala k ses deux lemtinaisons. 

6. Systeme tferr^aquetage seton la revendication 1 , dans lequel ladite cellule d'empaquetage comprend une mole- 
cule d'adde nudeique avec une mutation de domaine de I'hfite. 

7. Systeme d'empaquetage seton la revendfcation 1 . dans lequel ladite cellule d'empaquetage comprend une mole- 
cule d'adde nudeique comprenant une regton E2 mutde rendant au moins I'un de ses p/oduits sensible d la tern- 
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p^rature. 

8. Sysifeme cf empaquetage selon la revendication 1 . dans lequel ladite cellule d*cmpaquetage comprend une mott- 
cule d'adda nud6iqu8 comprenant une region E2 sous le contrflle d'un promoteur inductible. 

5 

9. Systfime tf empaquetage selon la revendication 1 , dans tequel ladite ceUute d'empaquetage a munie tf une ou 
de plusieurs mollies d'acide nucWique d'^paquetage qui donnent & lacfite ceBule ta capacite tf exprimer des 
produits ^niques addnovtraux d^rtv^ tfau moins la r^on El A. 

to 1 0. Syst^e rfempaquetage selon la revendication 9, dans lequel ladite ou iesdites nvolicules tf acide nuci^ue tf em- 
paquetage donnent h latfite cellule la capacity tf exprimer des produits g^niques adenoviraux d6riv6s de la region 
E2A. 

1 1 . Syst^me rfenpaquetage selon ta reventf^ation 1 0. dans lequel ta molecule tf acide nuci^ique recombinant cedent 
IS la r^ion E2A est schjs le contrdte tf un promoteur indudible. 

12. Systfeme rferr^aquetage seton la revendication 10 ou 11 , dans lequel ia nwl^cule tfacide nuci^ique recombinant 
codant la region E2A est mut6e de sorte qu'au moins fun de ses produits est senstole k la temperature. 

13. Systfeme tf empaquetage selon la revendication 9, dans lequel lacfite cellule tf empaquetage n'a pas ta capacity ft 
exprimer d^ produits El B. 

14. Systdme tfempaquetage selon la revendication 13, dans lequel ies informations g^n^tiques codant des produits 
El B rie sont pas pr6sentes. 

35 

15. Systftme tfempaquetage selon la revendication 9, dans lequel ladite cellule tf empaquetage comprend de plus la 
region codant pour El 8, 

16. Systfeme tfempaquetage selon la revendication 9, dans lequel ladite cellule tfempaquetage comprend de plus un 
30 g^ne marqueur. 

17. Syst6me rfwnpaquetage selon la revendication 1 6, par lequel.le g6ne marqueur est sous contrOle du promoteur 
sensible ft El a. 

35 18. Cellule tfempaquetage abritant un fragment d'^N tfun ad4novirus, ce fragment se composanl des nucleotides 
80-5788 du genome de fAd^novirus 5 humain. 

19. Cellule tfempaquetage abritant un fragment tfAON tfun adenovirus, ce fragment se composant des nuddotides 
459-1713 du genome de TAdenovinis 5 humain, 

20. Cellule tfempaquetage abritant un fragment rfADN tfun adenovirus, ce fragment se composant des nucleotides 
459-3510 du ^non\e de TAddnovirus 5 humatn. 

21 . Systftme tfempaquetage selon ta revendication 9. dans lequel ladite cellule tfempaquetage n'a pas la capacite ft 
45 exprimer le produit E18 de 21 kO. 

22. Systfeme tfempaquetage selon la revendication 21 . dans ieqiwl Ies informations g6n6tiqu6S codant le prod lit El 8 
(te 21 kD ne sont pas prdsentes dans ladite celiuie tfempaquetage. 

50 23. Systfeme rfempaquetage selon une quelconque des revendications 9-1 7. 21 ou 22, dans lequel ladite ceiiuie rfem- 
paquetage est une cedute dtpfotde. 

24. Systftme rfempaquetage seton une quelconque des revendications 9-1 7 ou 21 -23. dans lequel ladite ceUute rf w 
paquetage eat tf origine non humaine. 

55 

25. Systfeme rfempaquetage selon une quelconque des revendications 9-1 7 ou 2 1 -24. dans lequel ladite ceUule tfem- 
paquetage a pour origine le singe. 
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26. Cellute selon la revendication 16 telle que d^s6e sous le num^ro 9S 062 1 01 auprds de TECACC, 

27. Syst^ d'empaqueiage seton une queteonque des revendtotions 1-17 ou 21-25 dans lecuel ladfte moldcule 
d'acide nucldique recombinant est une molecule d*AON. 

28. Systftme d-empaquetage salon la revertdteallon 1 . dans lequel ladrte moWcule d'acide nud^ique mcombinant prd- 
sente au moins une dilution des nud6otides 459-3510 de la region El. 

29. Syst^me tf empaquetage selon la revendication 1 . dans tequel ladite moi6cuie acide nucfdtque recombinant pr^ 
seme au moins una d^l^tion des nucleotides 459- 1 71 3 de la region El. 

30. Lot de particules rfaddnovirus recombin6 produit par un systfeme tfempaquetage aeton une quelconque des re- 
vendJcaiions 1-17. 21-25 ou 27*29. lequel lot est exempt de particufes capables de replication. 

31 . Cellule comprenant un systAme tf en^quetage selon une quelconque des revendicatlons 1-1 7. 21 -25 ou 27-29. 

32. Syst^me d'empaquetage selon une quelconque des revendications 1-3. dans lequel ladite moiecuie rfacide nu- 
cldique comprend des g6nes E2A et E28 fonctionneis ou des fragments fonctionnels ou ses derives sous comrdie 
d'un promoteur inddpendant de £1 A. 

33. Syst6me tfempaquetage seton ta revendication 25. dans lequel laditeceUule d'empaquetage comprend une r^oion 
E2A mut^ de domaine de fhdte d^ a^novtrus. 

34. Cellule selon la revendication 20 telle que d^os^ sous le num6ro 96 022 940 auprfes de TECACC. 

35. Cellule tfempaqueta^ pour empaqueterdes moWcules d'acide nucfdique deriv6es tfadfinovinis. laquelle cellule 
d'empaquetage a M munie d-une ou de plusieurs motecules d'acide nucl4ique d'empaquetage. ladite molecule 
d'acide nuctelque ou tesdites moldcules tf acide nud^ique donnant k ladite ceWule la capacity rfexprimer des pro- 
duits g^iques ad^noviraux 6^rM$ d'au moins las deux regions ElA et E2A, oil la moJAcule d'acide nucldlque 
recombinantcodantia region E2A estmut^ desorte qu'au moins Tun de ses produits est sensible^ ta temperature, 

36. Syst6me d'empaquetage selon ia revendication 1 dans lequel le gdnome de ladfte cellule d'empaquetage com- 
prent^ un acfde nwrfdique qui code des protdines El A et El 8 ad6novirales mais est depourvu de sequences pIX. 

37. Systfeme d'empaquetage selon la revendication 36, dans lequel ladfte cellule d'empaquetage est une cellule PER 
C6 telle que d^posde sous te numero 96 022 940 aupres de TECACC. 

38. Cellute caracterisde en qu'eBe comprend dans son genome un acide nucl^ique qui code des prot^ines E1A et 
E1B addnovb'ales male est ddpoursoi de sequences pIX. 
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Figure 7 

Western blotting analysis of A549 clones iransfected with pIG.ElA.NEO 
and PER clones (HER cells tnmsfected with pIG.ElA.ElB) 



A549 

293 C4 c5 clO C2S c29 c43 




PER 



293 911 CI C3 C4 c5 c6 e8 c9 



E1A 




PER 

293 911 c1 c3 c4 eS c6 cfl e9 



E1B 
(55 KDa) 



PER 

293 911 CI c3 c4 c5 c6 c8 c9 




E1B 
(21 KDa) 
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Figure 8 

Southern blot analyses of 293. 911 and PER cell lines 



PER 

293 911 c1 c3 c4 c5 c6 c8 c9 M m 




•5-148 
-4.913 
-3.530 



2.027 
-1.900 
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Figure 9 

Transfection efficiency of PER.C3. PER.C5 PER.C6^a^^ 

Cells were cultured in 6-weU plates and transfected (n=2) m± 5 

dRS V lacZ by calcium-phosphate co-precipitation. Forty-eight hours later 

the cells were stained with X-GAL. The mean percentage of blue cells is 

shown. 



100 



911 



PER.C5 
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team i2<m\ 




^ Ugate/PC R with outer primers 

/ I . 

! X BamHI X Ncol 

T 



Beam r20S5i 




f igurv 10. 

Construction of pMtPi.TK from pMLP.TK 
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Replication of Adenovirus 




o DBP 
• TP 

O Pol 



Figure 14 
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S • -GTACACrGACCTAGrGCCGCrrSGaCA 
, i J I n I im M M M A 
3 ' *GA7CACGGCGGGCCCGA 



Fig IS". The potential hairpin conforaacion of a single-srranded 
OKA molecule that conrains the HP/asp sequences used in these 
studies. Restriction with the restriction endonuciease Jlso7181 
at plasBid pICLha,. containing the annealed oligonueieotide pair 
HP/aspl en H?/asa2 will yield a linear double-stranded OKA 
Sragnent. In cells in which the required adenovirus genes are 
present, replication can initiate at the tterainus that contains 
the ITR sequence. During the chain elongation, the one of the 
strands will be displaced. The terninus of the single-stranded 
displaced- strand aolecule can adope the eonfcraation depicted 
above. In this coatoriBation the Tree 2 ♦-terminus can serve as a 
primer for the cellular and/or adenovirus DKA polymerase, 
resulting in conversion of the displaced strand in a double- 
stranded form. 



Figure 15 



47 



£P 0 833 934 B1 




Figure 16 
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5666. S«/I 

i Sacn,354 




3143 . Asp7lB CUl , 26S0 



Figure 17 
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Figure 18 
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31 43 , Agpl IB CU 1 . 26SQ 



Figure 19 
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HAKC; PICI- 5520 3PS OWA CIKCOLAR aPOATO 5/01/95 
DESCRXrrXOHi i X AdS-m. C»r-luci««ras«, mxaxttaX v^ecor 
SEOOERCSi 9eqaaac« baa«<l on ch« on •v*il«bl« in£octn»cion; 

5*Sue;c. =f regions d.riv.d fr=» «pUti«d OMX verified ky .equ««« 



131 CATCr:S»A UlUtC SCCSA 

Ifil CTSTTSCSCCG OlUlA C A T A fl 

241 TAAATTSSK CCTTAACCCM 

a 61 CAcrrrsAcc cfrn AcarwC 

421 csGSTtAAAs rpcsccrrrrr 

4S1 CGTAAATSSC CCCCCtCSCT 

5<i* cTTATcrrcrc atact axccc 

601 ACSGTWy^rr CCCCACTtCC 

6S1 TESAC5TCAAT CACGSTAAAT 

T2i rrrrcrrAcr tcscactaca 

7 81 rr»c;;57AC atcaatccgc 



SEQUCHCS 



TCSSaAC^ 
ACACATSTAA 
C3AAC7SACAA 
TAACAT rySC 
CTCTTACTCA 
ACACTC3CCC 
ATTArrATAC 
OACCCCCCAA 
CAATACSSAC 
CACTACATCA 




TCATA ATOAC 
TACTTACttrTC 
yjSCAAA Ai^ »'X' 

SSSAA AACTC 
TATTTCTCTA 
CTCAC5CTCTT 

TtAsaoGcrc cackxcsttta 

CtCCCC CCATTCACCT 
rCATtCA CSTCAAtCGS 
ACTCTATCAT AtCCCAWTT A 
SCATTATSCC CABTACATBA 
ArrAC CATCS 

crrraActcA cccssArrrc 




CGJssrrscACT 

CCgSA ACTCT 

CAccrrrrrc 

CATCnCTAG 
AATAASASSA 

TTCCaCCTTC 
CATAACTTAC 
CAATAATCAC 
TOSACTATrr 
CecC CCCTA T 
CCTTATCKA 

TCA X »iw*i** 

cAAcrrrccA 
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«<1 CCCCATTCAC CTOSATOCCA Ulllw.iilU CCACCAAAAT CAJLCCSGACT TTCCAJUATC 

901 TCCTAACAAC TCCCCCCOIT TCACCCAAAT GCCCCCTACG CTTSTACCXrr GOGSJSGKTX 

961 TATAACCACA CCTCCTTTAC TCAACCCTCA GATC G CePCa *3ACCCCATC CAOCCTtTrrr 

1021 TCACCTCCAT ACAACACACC G53ACCCATC CACCCTCCCG ACTCTAilACS ATCCCCTACT 

1081 CCACGAACTC AAAAACCASA AACmAACTC CTAACTTTAG ' iV/mVJ ' fc: TTTTATTTCA 

1141 CCTCCCGGAT CCCaTCGTCS TCCAAATCAA ACSCACICCTC CtCACTSSAT GlTCCmTA 

1201 CnCTACTXT CAACCTTCAA nVU^iTwiU TTACATTCTT CAAtCTCSCT CCCACTGACA 

1261 tTACCATTCC CC7ACTCT7C CTAAAATSSA ACACGCCAAA AACATAAACA AACCCCCGCC 

1321 CCCATTCTAT CCTCTACACG ATCCAACCCC TCGACACCAA CTCCATAACG CTATCAAGAC 

us: ATrtCc^orru crTccruiAA CAATicctrr tacacatcca cATArca;;cG tcaacatC'^ 

1441 CTACCCCSAA TACTTCCAAA IViLLUl ' lLU CTT5CCACAA CCTATCAAAC CATAtCCCCT 
ISOl GAATACAAAT CACACAATCC TajrAtCCAC WAAAACTCT CrrCAATTrT TTATCCCCCT 
1561 CTTCCCCCCC TT X V V t X 'l' ^ U GACTTCCACT -TCCCCCCCCC AACCACAtTT ATAAtCAACC 
1621 nkX t'lX^VU AACACTATCA ACATTTCCCA CCCTACCCTA UiUIT/^AT CCAAAAACCa 
1631 CTTCCAAAAA ATrTTCAACC TCCAAAAAAA ATTACCAATA ATCCASAAAA TTATTAtCAT 
1741 CCATTCTAAA ACOCATTACC ACOCATTTCA CTCGATOTAC ACGTrCCTTA CATCTCATCT 
1801 ACCtCCCCJt' TWAAtCAAt ACCA :^ ' ;iM ' AXXiCAff^ tTXCATCiw ACAAAACAAT 
1861 TCTACrCATA AtCAATTCCT CTOSATCTAC TCaSTTACCr AACOHCTK CCCTTCCGCA 
1921 TACAACTCCC TCCCrrCACAT TCTCCXATCC CAGACATCrT ATTTTTCSCA ATCAAATCAT 
1981 TCCCGATACT CCCATTTrAA CTGTT3TTCC ATTCCATCAC GSTTTTXXk TCrXTACTAC 
2041 ACTCCC ATAT TTCATATC7C GXTTTCZAOT CCTCTTAATC TATACArrrC AACAACAOCT 
2101 CTTTrrACCA TCCCTTCAC5 ATTACAUAT TCAAACTCCC TTSCTACTAC CAACCCTATT 
2161 TTCATTCrrC CCCAAAACCA CTCTCATTCA CAAATACCAT TTATCTAATT TATACCAAAT 
2221 TCCTPCTCGS GCCCCACCTC TTTCGAAASA ACTrCCCOCAA CCCSnTCCAA AACCCTTCCA 
228: TCTTCCACC3 ATACCACAAC CATATOSCT CACTCACACT ACATCACCTA tTCrCATTAC 
2341 ACCCCAGCSC CATGATAAAC CCGGCGCaST CCSTAAACrr CTTCCArrTT rXGAACCGAA 
2401 GCrrrCTOGAT CTCGATACCC CCAAAACCCT C3SCCTTAAT CACACA^CC AATTATGTCT 
2461 CACACCACCT ATCATTATCT CCCCTrATCT AAACAATCCC CAACCCACCA ACCCCTTCAT 
2 521 TGACAAGGAT OGAtXWCTAC ATTCtCSACA CATACCTTAC tCa3ACCAA(5 ACCAACACTT 
2581 CrrCATACTT GACCCCTTOA ACTCTrTAAT TAAATACAAA OCATATCACG TCCCCCCCCC 
2641 TCAATTCGAA TCSATATTCT TACAACACCC CAACATCTTC CACCCCCSCS TCCCACCTCT 
2701 TCCCCACSAT CACCCCCCtC AACTrrCCCC CCCCCnCTT CTTTTCCACC ACCOAAAGAC 
27 Si CAT3ACCCAA AAACACATC3 TCCATTACCT CCCCACTCAA CTAACAACr:; CCAAAAACTT 
2821 CCCCCCACSA C rT C ' IUniO TC CACS AACT ACCCAAACST CTTACCCSAA AACTCCACCC 
388 X AACAAAAATC ACACASATCC TCATAAACSC CAAGAACS5C GCAAASTCrA AATXCTAAAA 
2941 TCTAACtCTA TTCACCCAtC ACCAAArrCT TACCTATTCT AATO3053AT CCCCAACTPS 
3001 TTTATTCCAC CTTATAATCG XTACAAATAA ACCAATACCA TCACAAATTT CACAAATAAA 
3061 OCATTTrrtT CACTCCATTC TACTTCTCST tTGTCCAAAC TCATCAAT5T ATCTTATCAT 
3121 CTCTGGATCC CATCCATCCC CCCS3TACCCA GCTCGAATrC CrAATCAttS TCATACCTCT 

3181 rr cu T mx; 'i x; aaattcttat ccsctcacaa ttccacacaa cataccascc coaaccataa 

3241 ACTOTAAACC CTCCGCTCCC TAATCACTCA CCTAACTCAC ATTAATTKC TTSCCCTCAC 

3301 Tccccccrrr ccactcccca aacctctcct occaccpcca ttaatcaatc gcccaacccc 
3361 cccccACACc cccmcccT ATrcoscccT crrccccnc ctccctcact cactccctcc 

3421 CCrOUTwCn* TC0GCTCCC3 CCAGCaSTrAT CACCTCACTC AAACSCCSTA ATACSCTTAr 

3481 CCACACAATC ACOCSATAAC CCACSAAACA ACATCntSACC AAAACC C SAC CAAAACCCCA 

3541 CCAACCCTAA AAACCCCCSCC TTCCnXCCr TTXTCCATAC CCTCCCCCCC CCTSACCACC 

3601 ATCACAAAAA TCCACCCTCA ACHCACACST GSCSAAACCC CACACfiACTA TAAACATACC 

3661 ACCCCTTTCC CCCITOAACC l VtL:i,:*;U, C>Hl,iVCiUl TCCCACCCTC CCCCTrACCC 

3721 GATACCTOTC CCCCTTTCTC CCVr ' L SCaAA GCCTO CCCCT TTCTCATACC TCACSCTCTA 

3781 CCTATCTCAC TTCOCTCTAC CTCCrrCCCT CCAACCTCGC CTCTCTOCAC OAACCCCCCC 

3841 rrCACCCCCA CCCCTCCCCC TTATCCCCTA ACTATCCTC7 TCACTCCAAC CCSCTAACAC 

3901 ACSACTTATC CCCACTCSCA GCASCCACIC CTAACACGAT TACCAGACCC ACOTATSTAG 

3961 aassmcTJkc AGAcrrcrrc Axcmsrrcsc ctaactaccc ctacactaca acgacactat 

♦021 nCCTATCTS CCCTCTCCrC AACCCACTTA CCTTCCCAAA AACACPTSCT ACCTCrtCAT 

4081 CC5CCAAACA AACCACCCCT GCrrACCCCTG tfri ' IT^TiaX TP3CAACCAC CACATTACCC 

4141 CCACAAAAAA ACGATCTCAA GAACATCCTT TCATCTrTTC TACOCSCGTCT CACCCTCACT 

4201 CCAACCAAAA CTCACCTTAA CGGATrrTOS TCATCAGATT ATCAAAAAOC ATCTXCACC7 

4251 ACATCrmr AAATTAAAAA TCAACrrrTA aatcaatcta aactatatat castaaactt 

4321 CCTCTCACAC TTACCAATCC TTAATCACTS ACCCACCTAT CTCACCSATT T C TCTXTTTC 

4391 CrrCATCCAT ACTTCCCTCA CTCCCCOTCC TCTACATAAC TACCATACCC CACKCTTAC 

4441 CATCTGGCCC CA S t CC T CC A ATCATACCSC GAGACCCACG CTCACCCGC? CCACATTTAT 

4S01 CACCAATAAA CCACCCACCC COXXZCCZCC ACCCCACAAC TOCTCCTOCA ACTTTATCCC: 

4551 CrXCATCCA CTCTATrAAT TCTTSCrSSC AACCrACACT AACTACTTCC CCACTTAATA 
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4621 



„„ crrrccccAA ccrnrriccc *TT^ 

4681 TOSCTICATT C>fiCT«MT TCOAAgW 

4801 TCTTA-TCACT CATOSTTRTC ^ACTOOT CSC3USAAWC "ICTXTCCfiCC 

4921 GACCOACrro CXCTPBCCCG CC CTOATAC «S*»**^ S^CA*«S AICTTJkCCeC 

4981 TAJUuuncer catcatioox ***cctictt ciSwTcX GCATcrrrTA 

SlQl CTTTCACCAC (.umu I lMC ^^^^ TTOAATAT TATIt»ACC* 

sisi T**<»«»»= ifSSiiJ^ ISiJ^^ 

5321 TITATCACCO TrATTCTCTC SmOCC TOACCTCTAA CAAACCATTA 

5281 AAATAOGSCT ItSCCKACA ^JS^^ SS«CC TCTCAAATAC 

5341 TTATCATGAC ATTAACCTAT *****J*55S TtSStTC ACGCtCCCCA 

5401 c ceACAC ATC cci**«acA JSSSt ac^Scto .SCCAAACSSG 

S461 ACTOTTraCA A«Ga»TOC «»;:«EfT ScSc^ TT^ACTCA CaACGTOTA 

5521 GATCTSCrCC AACGCCATTA ACTt^fJili " 

Siai AAACGACOSC CAGTOCCAAC CTTOCATGCC TCCAfiGTCCA 
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